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FOREWORD 


The present work Sadratnamala pertains to a class of 
mathematico - astronomical works written by scholars of yore 
in present-day Kerala, known earlier as Malayalam (meaning 
‘hillocks and valleys’) roughly dated from the middle of the 
14th Century to the middle of the 19th Century. Most of them 
were written in Sanskrit and a few in old Malayalam language. 
To list these works with considerable mathematical content 
we have: TantrasaAgraha, Karanapaddhati, KriySkarmakari, 
Yuktibhasa preceding the present work. All the above works 
are available in some printed form or other, though not readily 
comprehensible to readers not knowing Sanskrit or those 
knowing Sanskrit but not knowing traditional astronomy and 
enumeration system like Katapayadi. 

The text of Sadratnamala, on the other hand, was not 
available in printed form even with these limitations till 
recently. The late Dr. K. V. Sarma, who was an active 
bibliographical researcher and who brought out in print a 
number of works written by Kerala scholars, published a 
printed version of this work from his collected material 
prepared quite some years ago. The preparation of this 
collected material was, infact, under the auspices of a project 
of the Indian National Science Academy (INSA), New Delhi 
co-ordinated by me as a member of staff in the Ramanujan 
Institute for Advanced Study in Mathematics, University of 
Madras duimg 1988 - 91. 
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The force behind this project was the late 
Mr. S. Hariharan, who was Zonal Manager in the Life 
Insurance Corporation of India and an Actuary by 
profession. Hariharan used to meet me and discuss with 
me the contribution of Indian scholars to mathematics 
earlier to the renaissance in Europe. I could infer from his 
discussion that he had quite a good scholarship in 
traditional astronomy and the contributions of Kerala 
scholars of the medieval period in updating and 
innovating the Aryabhatan system. Having been part of a 
team of collaborators, though a late comer, of the late 
Prof. C.T. Rajagopal who had done significant work 
relating to exposure of contributions of Kerala scholars of 
the medieval period to mathematical analysis and 
approximation (information about which was first recorded 
by a British Civil Servant C.M. Whish in the Proceedings of 
the Royal Asiatic Society in 1835), I immediately approved 
of putting up a project for printing a collated version of the 
Sadratnamala with English translation and commentary as 
suggested by Hariharan. On his suggestion, the late Dr. K.V. 
Sarma and Dr. P. Gopalakrishnan Nambi, Professor of 
Physics in a college in Kozhikode, were taken as resource 
persons and the INSA readily provided the funds for the 
project under my co-ordination. 

Dr. Sarma took care of the collating of the text, while 
Hariharan and Nambi were in charge of translation and 
technical interpretation. As the other two resource persons 
pointed out to me, the main thrust of the latter aspect was 
borne by Hariharan, in spite of his commitments in his 
office. When three of the six chapters were ready, Hariharan 
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was affected by serious illness and the work had to stop. 
Hariharan was slowly recovering, but could not resume 
work, though he tried his best to regain his original health. 

In the meanwhile, INSA closed the project and I could 
not find a competent successor to Hariharan for five to six 
years. I was wondering whether anyone would take up a 
thankless job for the love of it without any financial 
support. It was during this time that I met Dr. S. Madhavan, 
who had retired from the University College, 
Thiruvananthapuram, in a seminar on ancient Indian 
contributions to science at Anna University, Chennai. I 
found Dr. Madhavan quite competent to continue the work 
and he was also ready to take up the completion of the 
work for the love of it. He has done really a wonderful 
job critically bringing out the limitations in the author’s 
treatment and the shortcomings in the author’s unfinished 
auto-commentary in Malayalam. 

Dr. V. Kameswari of the Kuppuswami Sastri Research 
Institute (KSRI) was ready to bring out the work as a 
publication of the Institute and the INSA was generous 
enough to provide funds for publication through the good 
offices of Dr. S. Sriramachari, one of its past Presidents. 

A unique feature about the Sadratnamala is a 
procedure given only here for extraction of square roots 
and cube roots of natural numbers. It is somewhat like the 
bisection method of present day approximation theory but 
differs from it significantly in the sense of ignoring 
remainders. My professional colleague Dr.V.K. Krishnan 
of Thrissur has given a mathematical justification for the 
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procedure which is provided in Appendix III of this 
publication. I thank him for his effort which enhances the 
evaluation of the author’s mathematical skill. 

I am very thankful to Dr. Madhavan for completing 
the English translation and providing technical comments 
and Appendices to help the readers. I am thankful to the 
late Dr. K.V. Sarma and Dr. P. Gopalakrishnan Nambi for 
their earlier participation in translating the work. I end up 
dedicating the work to the late S. Hariharan who was the 
real force behind the attempt to make this work available 
to scholars at large and thanking the KSRI, more particularly 
Dr. V. Kameswari and the INSA for making this publication 
possible. 

M.S. Rangachari 

Formerly Director & Head 
The Ramanujan Institute for 
17.12.2010 Advanced study in Mathematics, 

Chennai University of Madras 
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PREFACE 


The Institute takes pride in bringing out this 
publication “ Sadratnamala of Sankaravarman”, a text on 
Indian Astronomy and Mathematics, with English 
translation and notes by Dr.S.Madhavan. With this 
publication, the Institute is renewing its activities in the 
field of Jyotisa sastra after a long gap. 

Earlier, the Institute had brought out the editions of 
three smaller texts on Jyotisa viz., (1) the Cintamani 
saranikS of Dasabala of the West Indian school (brought 
out in 1952), (2) the Grahacaranibandhana of Haridatta, 
a basic text of the Parahita system of astronomy prevalent 
in South India (brought out in 1954); and (3) the 
Grahanastaka of Paramesvara, a short manual on eclipse 
(brought out in 1961). Prof.D.D.Kosambi edited the 
former and the latter two were edited by Dr.K.V.Sarma. 
All these three texts were brought out at first as supplements 
to the Journal of Oriental Research of the respective years 
and later were published by the Institute as separate 
monographs. 

In addition, the Institute has also brought out the 
following two important publications on Astronomy: 

(i) The Vakyakarana with the commentary 
Laghuprakaiika of Sundararaja, critically edited with 
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Introduction, Appendices etc. by Prof.T.S.Kuppanna 
Sastri and Dr.K.V.Sarma in the year 1962. The Vakyakarana 
is the source-book of the Vakyapahcahga, the almanac of 
the Tamil speaking areas of South India. It is a manual 
(karana) in which vakyas as sentences and phrases are used 
as mnemonics for the numbers in the tables. It is intended 
for practical use with the aim of easy computation. 

(ii) Sanskrit Astronomical Tables in England by 
David Pingree of Brown University, USA. It provides the 
data collected by Prof. Pingree on Jyotisa works and 
authors studied by him at different libraries in England, 
specifically the British Museum, the India Office Library, 
the Welcome Historical Medieval Library and the Royal 
Asiatic Society in London; at the University Library and 
the Trinity College Library at Cambridge; and at the 
Bodleian Library at Oxford. 

Besides this, the Institute also carried out inter¬ 
disciplinary research with the grants provided by the 
Indian National Science Academy, New Delhi. 
Dr.A.S.Ramanathan (Retd. Deputy Director-General of 
Meteorology, Govt, of India) worked on a project on 
a Weather Science in Ancient Indiaa which was 
subsequently published as a book (Rajasthan Patrika 
Limited, Jaipur, 1993). Dr.K.V.Sarma (Retd. Director, 
V.V.R.I., Hoshiarpur) worked on “Critical study of the 
Brhatsamhita with the hitherto unpublished commentary 
Utpala Parimala' ’. 
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Another project on “ Eclipses in Hindu Life and 
Thought" was undertaken by Dr.(Mrs.) Jayasree Hariharan 
in Sept. 1988 under the aegis of Dr.G.Srinivasamurti 
Foundation, Madras. It is a public charitable trust started 
in 1982 with the aim to sponsor under its banner projects, 
publications and so on related to our traditional science 
and Sastras. When the project on Eclipses was completed 
and submitted by Dr.Jayasree under the guidance of 
Dr.S.S.Janaki, the then Director of the Institute, the 
G.Srinivasamurti Foundation gave permission to 
Dr.S.S.Janaki to bring out the same as a publication of 
the Institute, and accordingly the book was brought out by 
the Institute in 1995. The book has brought together 
and analysed relevant mythological, semi-scientific, and 
scientific information on eclipses scattered in Vedic literature, 
Epics, Puranas, Jyotisa and Dharma £astra literature. The 
documented study highlighted the fact that ancient Indian 
astronomers like Brahmagupta, Bhaskara and Sripati 
scientifically computed eclipses. The Appendix of the book 
carries valuable material from Atharvaparisista and 
Brhatsamhita on the effects of the actual occurrences of the 
eclipses in various stages, on human life. Dr.Jayasree herself 
tried to continue her study on the material provided in the 
Appendix but could not do so due to her sudden demise. 

Lectures and seminars have also been carried out by 
the Institute from time to time as “Science and Sanskrit” in 
general and Jyotisa in particular. The most important of 
these is the seminar on Jyotisa conducted during the 
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Kuppuswami Sastri Birth Centenary celebrations (1980-81). 
Dr.Arka Somayaji of Tirupati presided and the following 
modern and traditional scholars participated in the 
seminar: Dr.George Abraham, Sri K.V.Seshadrinathan, 
Sri L.Narayanan, and Dr.N.Gangadharan, all of Madras 
(now Chennai); Dr.K.V.Sarma of Hoshiarpur, Mr.M.A.Bhatt 
of Tirupati; Sri K.V.Narayanan of Bangalore, 
Sri H.K.Krishnamurthi of Mysore and Sri Krishna Bhatt of 
Manipal. While the emphasis was on astronomy, the subjects 
expounded being Vasistha Siddhanta - formulae for 
determining the motion of the moon, concept of Rahu, 
errors in observation of planets, astronomical study in 
Kerala and astronomical data in the Puranas; astrological 
matter was also discussed like limitation of astrology and 
astrological influence of Mars. The president hailed it as the 
first seminar of its kind. 

Again, in Oct. 1994 a day long symposium on “Sanskrit 
and Science” was held by the Institute in connection with 
its Golden Jubilee celebrations. The participants were 
traditional scholars as well as computer scientists, drawn from 
different organisations like Matscience and Department of 
Sanskrit. University of Madras, I.I.T. Madras, Birla Institute 
of Technology, Pilani, CDAC, Pune; Department of 
Computer Science and Automation and Indian Institute of 
Science, Bangalore. Of the papers presented, the one by 
Dr.V.Krishnamurthy, Former Deputy Director and 
Professor of Mathematics, BITS, Pilani on the “Clock of 
the Night Sky” dealt with the 27 formulae related to 
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naksatras that help one to fix the time of night by looking 
at the position of stars in the sky. He later developed this 
into a book of the same title. 

In connection with the Platinum Jubilee of the 
Samskrita Academy, Madras, the Institute along with the 
Samskrita Academy conducted a one-day symposium on 
“Ancient Indian Scientific Knowledge” on 25 Feb. 2003, in 
which Dr.V.Krishnamurthy of BITS, Pilani and 
Prof.M.S.Rangachari, formerly Director of Ramanujan 
Institute of Mathematics, University of Madras participated 
and spoke on Indian Mathematical Tradition. 

The Institute has also been turning its attention to 
Jyotisa field in connection with M.Phil and Ph.D. theses. 
Dr.Sita Sundar Ram was awarded Ph.D. degree by the 
University of Madras for he’- dissertation entitled “Bljapallava 
of Krsnadaivajna: A Critical Study” Bljapallava is the 
commentary on Bijaganita of Bhaskara II and has been 
considered quite a valuable contribution to the field of 
Algebra as it carries upapattis (proofs). This was critically 
evaluated by the scholar and was highly commended by the 
examiners. 

Following this, the dissertation on “Dosa Pariharas 
in Brhad Parasara Hora Sastra” by Mr.K.Srikkanth, was 
submitted to the University of Madras and was awarded 
the M.Phil degree. Presently he is working on “Critical study 
of Patiganita of Sridhara and Ganita Tilaka of Sripati” 
for his Ph.D. Recently a newly enrolled scholar has been 
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advised to work on “Surds” in Indian mathematical 
tradition. 

In this continued research in the field of Jyotisa, 
the publication of the text “ Sadratnamala” of 
Sankaravarman with English Translation and notes by 
Dr.S.Madhavan is another feat achieved by the Institute. 
The “Sadratnamala ” is a text on Astronomy and 
Mathematics written by a Prince of Kerala by name 
Sankaravarman belonging to the Kadatanadu Royal 
lineage. 

The text was taken up for publication on the advice of 
Prof.M.S.Rangachari (Former Director, Ramanujan Institute 
of Advance Study in Mathematics, University of Madras) who 
was involved with the work from its edition onwards. As 
could be seen from the Foreword by him, the text has had 
some hurdles to reach this final shape as given by 
Dr.S.Madhavan. When all the help has been rendered by 
Prof.M.S.Rangachari including going through the press 
copy (and later proofs) and after making improvements in 
the content as well as the presentation, it was a job already 
partly completed and made easy for the Institute to publish 
it. The Institute is greatly indebted to him for all his help. 

In addition to all these he has been instrumental in 
securing the financial aid from the Indian National Science 
Academy for the publication of this book, through the good 
offices of Dr.S.Sriramachari who was one of the past 
Presidents of INSA. We are thankful to both of them for 
their instantaneous and generous help. 
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We are also thankful to the authorities of INSA, New 
Delhi for granting funds for publishing this book. It has 
been of great help to the Institute which is a non¬ 
governmental organization and is standing on its own 
legs with sporadic financial support of philanthropists 
from all over the globe. 

We cannot adequately thank Dr.S.Madhavan who 
took over the responsibilities of his senior colleagues 
who had worked on the edition and translation of the text. 
It has only been a love of labour, as far as he is concerned. 
An erudite scholar in Sanskrit language and literature, it 
has been quite enlivening for us at the KSRI to work 
with him on this publication whenever his guidance 
was required. The introduction to the book written by 
him which is quite interesting and informative, stands 
testimony to his scholarship. The Institute is deeply 
beholden to him for his great service to the cause of 
indological research. 

Mr.K.Srikkanth, Ms.S.Anusha, Mrs.V.Yamuna Devi, 
Mrs.V.Uma Maheswari (Ph.D scholars of the Institute) and 
Mr.S.N.Krishna, Mrs.B.Ramadevi and Mrs.R.Subasri 
(Research assistants of the Institute) headed by 
Dr.(Mrs.) Sita Sundar Ram assisted the editorial committee 
in this publication. 

Special thanks are due to Mr.B.Ganapathy 
Subramanian (Madras Sanskrit College, Chennai) and 
Ms.K.Vidyuta (Post-graduate student in Sanskrit) for 
computerising the entire text, formatting it, making 
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necessary alterations and corrections wherever needed, 
with patience and interest and to Mrs.M.Srividhya of the 
Institute who joined the team at the final stage. 
Mr.B.Ganapathy Subramanian is also to be congratulated 
for the nice cover design of the book. 

Our thanks are due to M/s.Vignesha Printers for the 
neat printing and nice get-up. 

30.12.2010 V.Kameswari 

Chennai Director 
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INTRODUCTION 


Nothing is as exciting as the study of the Universe with 
its vast expanse, the celestial peregrinators that baffle mankind 
with their movements and the wheels within wheels that mystify 
their motion. In every early civilization, the study of planets 
and stars stand out pre-eminently. In the Vedic civilization also 
it had a fundamental role though the exact extent to which it 
developed is yet to be assessed. Nevertheless, the legacy from 
the Vedic civilization was great and it triggered the study of the 
subject in all details that led to the substantial contributions to 
the subject in the later periods. 

1. Indian Astronomical Tradition 

The Indian tradition of Jyotisa refers to the eighteen 
propounders, viz., Surya, Pitamaha, Vyasa, Vasistha, Atri, 
Parasara, Kasyapa, Narada, Garga, Marlci, Manu, Angiras, 
Romaka, Paulina, Cyavana, Yavana, Bhrgu, and Saunaka. The 
original works of these sages are practically not extant, though 
parts remain scattered in fragmentary forms. Except the work 
Vedaiiga Jyotisa 1 we do not have any standard work relating to 
the astronomy of Vedic times. 

1. Vedaiiga Jyotisa of Lagada, with Translation and Notes by 
T.S. Kuppanna Sastry, Indian National Science Academy, New Delhi, 
1984. 
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The Vedic Astronomy inspired the later astronomers as 
evidenced by the statement of Varahamihira ( Brhatsamhital.2 ): 

prathamamunikathitam avitatham 
avalokya granthavistarasyartham \ 
natilaghuvipularacanabhih 

udyatah spastam abhidhatum || 

This means that Varahamihira after going through the 
elaborate and infallible treatises of the early sages thoroughly, 
attempted to present the contents of them, in a form which is 
neither large nor short. 

The galaxy of astronomers of India includes the following 


persons: 



(1) 

Aryabhata 

(5th/6th Century A.D.) 

(2) 

Varahamihira 

(6th Century A.D.) 

(3) 

Brahmagupta 

(6th-7th Century A.D.) 

(4) 

Haridatta 

(6th-7th Century A.D.) 

(5) 

Lalla 

(8th-9th Century A.D.) 

(6) 

Govindasvamin 

(8th-9th Century A.D.) 

(7) 

Saiikaranarayana 

(8th-9th Century A.D.) 

(8) 

Vatesvara 

(10th Century A.D.) 
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(9) 

Mufijala 

(10th Century A.D.) 

(10) 

Srlpati 

(10th Century A.D.) 

(ID 

Aryabhata II 

(10th Century A.D.) 

(12) 

Bhaskara II 

(12th Century A.D.) 


and some later Kerala astronomers. There is a work called 
Suryasiddanta traditionally believed to be given as upadesa by 
the Sun God to Mayasura. It is in all probability, a work after 
Brahmagupta. This Suryasiddanta differs considerably from the 
one described by Varahamihira in Pancasiddhantika. 
Varahamihira also refers to Pradyumna and Vijayanandin in 
his Padcasiddhantika. But their works are not extant. 

The above list is not exhaustive. It is estimated that about 
100,000 manuscripts in Jyotisa are available. If they see the 
light of day, a clear picture of the achievements of India in 
astronomy and mathematics will be presented to the world. 

2.Kerala school of Astronomy and Mathematics 

The school of Astronomy founded by Aryabhata had 
disciples in Kerala and it was here that the school flourished 2 . 
Vararuci (4th Century A.D.) gave Candravakyas for the 
computation of the Moon’s position and his method held its sway 
for a long time. Haridatta (C. 650 - 700) propounded the 

2. K.V.Sarma, A History of the Kerala School of Astronomy, V.V. R. 
Inst., Hoshiarpur, 1972. 
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Parahita System of astronomy founded at Tirunavay, in 683 
A.D., to rectify the Aryabhatan system which became inaccurate 
by this time. The ‘ Bhatasamskara' or ‘ Sakabda-samskara' was 
introduced in this connection to rectify the mean positions of 
planets obtained by the Aryabhatan method. 

Govindasvamin (8th-9th century) who wrote a super¬ 
commentary on Mahabhaskarlya , Sankaranarayana (C. 850-900 
A.D.) who commented on Laghubhaskariya and Suryadevayajvan 
(C. 1191-1250) who wrote a commentary on Aryabhatiya 
contributed substantially to the field of Astronomy. The stormy 
development of Mathematics in the post-Bhaskara period in 
Kerala is really unique in the history of mankind. Madhava of 
Sangamagrama who gave the infinite series for R sine, R cosine 
and circumference of a circle (which ipso facto reduces to the 
infinite series for 7t) and tan -1 * undoubtedly towers above others. 
He wrote Venvaroha which can be interpreted as an application 
of the properties of periodic functions. 

Paramesvara of Vatasreni (1360-1455) introduced the 
Drk system and rectified the Parahita system, which had become 
inadequate for astronomical calculations by his time. Nllakantha 
Somayajin (C. 1444-1545) wrote several thought-provoking 
works which include Tantrasangraha , Golasara etc., and 
conjectured the heliocentric motion of planets. Jyestadeva (C. 
1500-1610) wrote the work Yuktibhasa to summarise the 
mathematical and astronomical concepts which prevailed at his 

3. S. Madhavan, Venvaroha from Modern Perspective (to appear); 
S. Madhavan, “Models in Indian Astronomy”, National Seminar on 
Indian Intellectual Tradition, Sree Sankaracharya University of 
Sanskrit, Kalady, 2004. 
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time and provided the rationale of the various concepts and 
theorems, playing the roles thereby of Euclid who wrote the 
Elements and Ptolemy who wrote Almagest. Acyuta Pisarathi 
(C. 1550-1621) introduced the correction of reduction to the 
ecliptic and improved the computation of latitude of the Moon 
and this was done nearly at the same time by Tycho Brahe in 
Europe. Putumana Somayajin (C. 1668-1749) who wrote 
Karanapaddhati introduced novel methods of computation. 

Sankaravarman of Katattanad (C.- 1774-1839) who 
belonged to the intellectual fraternity that actively fostered the 
growth of Astronomy and Mathematics had at his disposal the 
works of several master-minds, when he wrote Sadratnamala. 
The question whether he was influenced by the earlier works 
will be examined while dealing with the contents of the work 
(See section 5 below). 

3. §aftkaravarman: Life and Works 

The year of birth of Sankaravarman is given as A.D. 1774 
by Govinda Pillai in Malayalabhasa Caritam (Trivandrum, 1881) 
and it has been accepted by some scholars 4 . On the other hand, 
Ulloor S. Parameswara Iyer, Vadakkunkur Raja Raja Varma and 
S. Venkatasubramonia Iyer 5 take it as A.D. 1801. This is the 

4. K.K. Raja, Contribution of Kerala to Sanskrit literature, Madras, 
Second edn. 1980, p. 268; Easwaran Namputhiri, Sanskrit literature 
of Kerala, Trivandrum, 1972, p. 118. 

5. Ulloor S. Parameswara Iyer, Keraliya Sahitya Caritram, Vol III, 
Trivandrum, 1955, p. 499; Vatakkumkur Raja Raja Varma, Keraliya 
Samskrta Sahitya Caritram,\o\ IV, Trichur, 1962, p.384; 
S. Venkatasubramonia Iyer, Kerala Sanskrit literature: 
A Bibliography, Trivandrum, 1976, p. 111. 
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date given in the incomplete edition of the present work of this 
author (Nadapuram, 1898). K. V. Sarma prefers the date 1774, 
in view of the fact that the year of composition of the work is 
Kali 4921 (A.D. 1819) when he would have been only 18 years 
of age if the year A.D. 1801 is accepted as his year of birth. 
The year A.D. 1774 certainly sounds more logical. 

The perpetration of atrocities by Tipu Sultan (C. 1766- 
81) made the princes of Malabar seek asylum at Travancore, 
which was ruled by Ramavarmah. Tipu was defeated at 
Seringapatam in A.D. 1799 and after that the Britishers held 
their sway in Malabar. Belonging to one of the royal lines of 
Malabar, Sankaravarman’s family fled the country and took 
refuge under the Maharaja Ramavarma of Travancore. Being 
only third in the line of princes, Sartkaravarman spent his time 
in scholarly pursuits. He is said to have been attached to 
Mahardja Svati Tirunal (1813-47) who being a man of profound 
scholarship and a patron of learning, supported him. During the 
British control of Malabar, many erstwhile kings encouraged 
academic excellence and this gave rise to the development of 
literature, and different branches of learning 6 . 

Sankaravarman himself mentions that he hailed from the 
Porlartiri family, and invokes Goddess Parvati installed at 
Lokamalayarkavu ( lokavanidhara-sarid-arama ). His personal 
deity was Lord Krsna installed at a place called Karay-atu 
(Sanskritised as Krsnamesa), as evidenced by the v.51 of 
Chapter V. He was the third in the line of princes, the first and 


6. Dr. K.K.N.Kurup, History of Tellicherry Factory , Sandhya 
Publications, Calicut, 1985. 
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second being Udayavarman and RSmavarman as indicated in 
the following ( Sadratnamala I. 3): 

in porlatirivam&amauktikamaneh irikeralalahkrte - 
raryasyodayavarmanah fubhamateh iribhaimibhumipateh \ 
irima tsodararama varmayu varajaryajdaya tanya te 
tan tram iadkaravarmanedamakhilajyotirvidam prltaye || 

He describes Udayavarman as bhaimibhumi pati, the king of 
Ghatotkaca bhumi, the Sanskritised form of Katattanad. It appears 
that Udayavarman was a titular ruler. The work was undertaken 
by him at the instance of Ramavarman, the crown prince. 

Being a brilliant astronomer, astrologer and poet and one 
endowed with good command of language he brought out this 
work, Sadratnamala — ‘Garland of Precious Gems’. 

4. Contents and influence of earlier works 

The work contains 212 verses as suggested by the term 
tridasamuni saiighata in Chapter VI, v. 58 which means the well- 
formed product of 3,10 and 7 or 210 and indicates the 
approximate number of verses (or a few more). The term 
bhadhya means increased by 4 or 27 and thus the number of 
verses can be 214 or 237. It is doubtful whether the text has 
come down to us in its original form. 

Let us examine the contents of the various chapters. 

Chapter I deals with the names of decimal numerals and 
defines the eight operations, viz., addition, subtraction. 
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multiplication, division, squaring, extraction of the square root, 
cubing and extraction of the cube root. Apart from the usual 
method for the extraction of square root and cube root as found 
in Lllavatl, etc., the author gives a different method which is of 
considerable intrinsic interest. 

Chapter II deals with the different measures of arcs, time, 
lunar days, planets, stars, almanac, length, weights of grains, 
monetary units and directions. 

In Chapter III definition of the rule of three, the 
Katapayadi 1 system of numerals, the time elements of the almanac, 
the method of getting the mean sun, the moon, planets, lunar day, 
yoga, and karana are given. It also gives the method of getting the 


7. The Katapayadi system in vogue in the South (see ch.II Notes 
under v.3) 

A vowel not preceded by a consonant has value 0. In a conjunct 
consonant the value of the last consonant has to be taken. A consonant 
not followed by a vowel has no value, when followed by a vowel the 
value is independent of the vowel. Thus ma, ma, mi, /77/etc., have 
the same value namely five. In the South Indian version la is included 
to indicate 9. But the value of la (cerebral) has to be decided carefully. 
Thus adh can mean 30 or 90 because the word which means a bee is 
written as alih in the north and as afih in the south. In the scheme of 
representing the numbers the extreme left indicates the units, the 
next place shows the tens and so on. Thus the expression harih sevyah 
means 1728. In the Candravakyas of Vararuci, la is used to indicate 
9 and also 3. The 118th Vakya is dhulisyadrajno ’yam and it means 
10 r 21° 39' since the number indicating minutes can not exceed 60 
and thus 7/’ stands for 3. On the other hand, in the 60th Vakya, 
digvyaio nasti which means 8 r 19° 06', la means 9. That the system 
is typically South Indian indicates that Vararuci was from the South. 
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time elapsed after sunrise and sunset. The author uses the 
Katapayadi system in general. 

Chapter IV deals with jyas and arcs. It contains the infinite 
series for n, jRsine, R cosine etc., and many properties of jyas. 
It is exhaustive and it summarizes the knowledge on jyas during 
his time. The influence of Karanapaddhati of Putumana 
Somayajin is clearly discernible in this chapter, though the author 
includes some results not found in that work. 

In Chapter V the five elements, chaya (shadow), vyatlpata 
(the time when the sum of the sayana longitudes of the Sun and 
the Moon is 180° or 360° and their declinations are equal), 
eclipses, maudhya or combustion, when the planets come close 
to the Sun in the zodiac and become invisible and irAgonnati 
the elevation of the Moon’s horns or a measure of the Moon’s 


There are people who believe that the system of Katapayadi was 
introduced by Vararuci. But many important points have to be noted 
here. Mahabharata is called Jaya, which means 18 because it consists 
of 18 parvans, there are eighteen chapters in the Bhagavadgita, 
eighteen aksauhinls took part in the war which lasted for eighteen 
days. This is the traditional interpretation. This shows certainly the 
antiquity of the system. In the astrological sutras of Jaimini this 
method is used according to commentators. This work can be placed 
between 5th century B.C. and first century A.D. using internal 
evidence. There is a system of numerals associated with Samaveda 
which is similar to this. Since Samaveda is associated with Jaimini, it 
appears that the Katapayadi system was in existence much earlier 
than Vararuci, though the exact date has to be settled by research. 
Though Jaimini, who is the author of astrological sutras is not 
necessarily the author of Purvamlmamsa, was perhaps in the line of 
disciples of Jaimini. 
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phase are discussed. The influence of PaScabodha is clearly 
perceptible in the chapter. Occasionally he deviates from the 
method of PaScabodha and gives different methods mainly in 
the process of successive approximation. Even the parameters 
he uses are found in PaScabodha, in general. 

In Chapter VI he deals with the parahitaganita, the 
methods of computation of planetary position etc. The various 
parameters and the methods in Karanapaddhati are found. The 
methods of finding the divisors of different kinds, kuttakarakriya, 
and its applications, and the methods of forming various tables 
for month, year etc., are all akin to the methods in 
Karanapaddhati. 

Surprisingly the Tantrasangraha of Nllakantha Somayajin 
which can be regarded as a break-through has influenced 
&aAkaravarman very little. Though Sankaravarman refers to the 
iighroccas of Mercury and Venus as the real mean positions in 
his auto-commentary, he does not elaborate the ideas of 
TantrasaSgraha in his work. His focus is on Parahita system 
and he mentions some aspects of Drk system. The author might 
have planned a longer work and dropped the idea later. 
Yuktibhasa written earlier to the present work might have 
influenced him. But he has not mentioned the rationales of the 
theories even in the auto-commentary. On the theoretical side 
like the theory of jyas, he has certainly updated his work and 
also in his reference to tangent, cotangent, secant and cosecant, 
but in the applications like computation of planetary positions, 
he sticks to the old theories. 
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The name PaAcabodha is also a bit ambiguous. There 
are several works with that name and some of them are 
anonymous. There is a text of the name ascribed to Putumana 
Somayajin, and another to Purusottama. The PaAcabodha 
referred to here is anonymous, written in ten khandas and very 
commonly used to teach the students. 

5.Special features 

Books on Astronomy are very often written in a prosaic 
style, with dry-as-dust technicalities, though there are exceptions 
like those of Varahamihira, Bhaskara and others. The author 
of Sadratnamala is a poet incarcerated in the narrow confines of 
Astronomy in which his ever roaming fancies do not get any 
outlet. Astronomy offers little scope for showing his poetic 
talents. Yet the author transcends the barriers caused by the 
technical framework and offers a poetic touch to the work. Though 
astronomers are often content with Anustub metre or Arya metre, 
the composition of which is simple, §ahkaravarman revels in 
using unusual metres. His model is perhaps Varahamihira who 
employs sixty four metres and dandakas and indulges in a 
metrical extravaganza while describing the effects of transits of 
planets in his magnum opus, the Brhatsamhita. In the Brhajjataka 
he uses metres even to convey hidden meanings as fully borne 

o 

out in the commentary Apurvarthapradar&ika . 

8. A.N. Srinivasaraghava Iyengar, ApurvarthapradariikS, Adyar Library 
Series, Madras, 1951. 
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Sankaravarman also enchants his readers with quite a 
large number of metres. The metres found in this work include 
Vasantatilaka, Sragdhara, ViyoginI, Sardula vikrldita, Ary a, 
Anustub, Upacitra (a variant of Matrasamaka ), SalinI, Dodhaka, 
Vidyunmala, Kabari, Indravajra, Pramanika, Matrasamaka, 
Aupacchandasika, Sragivini, Sikharinl, Manavaka, PrthvI, 
PraharsinI, Kusumamanjari, Mai ini and Mandakranta. 

He employs Vasantatilaka often. The section on 
Candracchayaganita is couched in SragvinI, a metre giving the 
effect of dancing. Perhaps, he composed it on a moon-lit night, 
with the mind dancing with pleasure and wrote in a manner 
resembling the following verse of Lllasuka: 

anganamanganamantare madhavo 

madbavam madhavam cantarcnahgL:?a \ 
itthamakalpite mandate madhyagah 
sanjagau venuna devakinandanah || 

That he was a devotee of Lord Krsna is clear from many 
places and particularly from stanza Chapter V, v. 51 and the 
episodes of the Lord naturally influenced him. To describe 
the jyas, he uses Kusumamanjari, the metre used by 
Narayanabhattathiri to describe Lord Krsna’s rasakrlda. 

Yatibhanga: 

There are instances of yatibhaAga or breaking the rules 
of caesura. In general, great masters of the language do not 
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indulge in this. But as it has been said ‘ nirankusah kavayati 
meaning that poets are free, one can accept this. There are 
‘approved yatibaiigas . The metre Natkutaka is an example. It 
is also called Kutaka, Narkutaka and Nardataka. Kedarabhatta 
defines it thus: ‘ yadibhavato najau bhajajala guru natkutakam'. 
The commentator Nrsimha observes that the yatis are at 7 and 
10. It is also defined thus: 

‘ hayadasabhirnaja u bhajajala glti narkutakam |’ 

The metre kokilaka has the following definition: 

‘muniguhakarnavaih krtayatim vada kokilakam |\ 

These two differ only in caesura. In the first they are given 
by 7 and 10 and in the second by 7, 6, and 4. Often this is used 
without yati, as illustrated by the following ( Campuramayana, 
Yuddhakanda, 49): 

atha madagarjitairadhikatarjitadikkaribhi- 

rdasavadanastada da sa digantaraman ta ray an \ 
samaramukhe sakhela padacafikramato vidadhe 
harikulamakulam jaladhimadivaraha iva || 

In * samaramukhe sakhela ’ the yati after the 7th syllable 
is not observed. This metre is also called Markataka. Being 
‘markataka ’ or monkey, perhaps there are no fixed points of 
jump! (markatasya yatheccham plavanaml). Pingala’s 
Chandahsutras defines the metre Avitatha thus: 

9. Piiigala, Chandah Sastram, with the commentary of Halayudha, 
Chaukhambha, 2002. 
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avitathamnjaii bhjaun jlaug\ 

This is the same as Markataka and no yati is prescribed. 

Apart from such examples violation of caesura is treated 
as a defect of the poem ( kSvya dosa). There are instances of 
breaking the rules of caesura [yati ) in Sadratnamala 1 - For 
instance in the line (V. 2): 

istah sayanabhaskarah svacaraliptah svantarabhyam krtah \ 

10. The interesting thing is the association of Svati Tirunal with 
§aftkaravarman, who entertained a similar indifference to the rules of 
Caesura. 

Maharaja Svati Tirunal (1813 - 1846), being a scholar in Sanskrit, 
English, Tamil, Telugu, Kannada, Hindusthani, many other languages 
and music, contributed in no small measure to Sanskrit literature and 
Music. Hailed as Daksina Bhoja, a title which fits him appropriately, 
his works display great devotion and scholarship. Svati Tirunal had 
excellent command of language and there are instances when he 
indulges in uninterrupted flow of expressions, reminiscent of 
Naisadhiyacarita. Apart from literary works, he had to his credit 
several musical compositions and upSkhyanas in which musical 
compositions are mixed with Sanskrit verses. One important trait in 
his writings is his indifference to the rules of caesura as evidenced by 
the occasional violation of rules. For instance the following verse 
from his work Bhaktimaiijari(2. 16) illustrates this: 
prapte tasyah sadaitataterhantaghore’ vamane 

ksonisdnSm sadasi mahatam Isa doustyadripunam \ 
vema vyaparamapi caturi sparsa/esam vinaya 

sriman vSsamsyatunata jayet sS krpa cSturl te || 

The metre is MandSkrSntS and the rule for caesura is violated in 
‘ vema vyapSramapi'. In the case of Svati Tirunal his deep devotion to 
the Lord, the ineffable bliss he derived at the moments of ecstasy 
spontaneously manifested in the form of poetry. The rules of caesura 
are quite insignificant and caused, perhaps, only impediment to 
effective expression. 
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this rule is not followed. The metre is Sardulavikrldita and the 
caesura occur at 12 and 7. The word lipta is broken at the 12th 
place. 

Unusual Metres: 

§ahkaravarman was a lover of novelty. He has used 
metres not found in works like Vrttaratnakara. For instance 
consider the following verse (VI.28) : 

yojanarupo bimbavyaso 

vahnimayarkasyodyadbhavah \ 
sakalo ’bhriiva praleyamsor 

mrnmaya bhumeratma nityah || 

Except in the third quarter it is the same metre as the one 
used in Brhajjataka (XI.9) : 

karkini lagne tatstbe jive 

candrasitajnairayapraptaih \ 

Yati is like a musical pause. When one recites a verse there can be a 
pause in places depending on the tune chosen. Vidyunmala is defined 
in Vrttaratnakara as - mo mo go go vidyunmala. On the other hand, 
Srutabodha gives the following definition: 

sarve varna dlrgha yasyam visramah syad vedair vedaih \ 
vidvadbrndair vlijavani vyakhyata sa vidyunmala || 

Here yati occurs after the fourth syllable in each quarter, whereas no 
yati is mentioned in earlier definition. If one feels that there is a 
musical pause there can be yati. Svati Tirunal was a great scholar in 
music and he might have had reasons to justify his violation of the 
rules of caesura. As in the case of Vidyunmala, if yato can be developed 
in different ways and the musical manifestation is enjoyable there-is 
no harm in dropping or changing the places of yati. With the association 
of Svati Tirunal, Sankaravarman also might have shared his views. 
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mesagate ’rke jatam vidyat 

vikramayuktam prthvinatham || 

This is formed by breaking the second long syllable of 
Vidyunmala into two short syllables. He could have used the 
expression ‘ sakalamasti ’ instead of ‘ sakalobhruva' and retained 
the same metre in all the four quarters. Further, abhruva is the 
uttama purusa dual of laii of the root brun. It means ‘we two 
said’ meaning the author and earlier writer. 

Why is this discord? It may be a deliberate attempt to 
show his aversion to conventions. The third quarter comes under 
Matrasamaka and so the entire verse can be treated as one 
belonging to Matrasamaka in which each quarter contains 16 
syllabic instants. But there are constraints imposed even on 
this. This best known metre is defined as matrasamakam 
navamo/gantam, in which there are 16 syllabic instants, the ninth 
syllabic instant is formed by a short syllable and the last by a 
long syllable. The verse under consideration does not conform 
to this. One can mix up the different varieties of Matrasamaka, 
like Upacitra, Visloka, Vanavasika etc., and form what is called 
‘ padakulaka' . But the verse of Saiikaravarman does not come 
under this. One does not understand the need for this 
experimentation with metres. 

Combinations: 

Upajati metre is well-known and it is generally a 
combination of Indravajra and Upendravajra, bearing names 
Klrti, VanI, Mala, Sala etc., and there are 16 ‘types’ including 
Indravajra and Upendravajra. One can combine other metres 
also, Indravam§a and Vam§astha for instance, as evidenced by 
the following verse of Magha {Si6upalavadha, XII. 3): 
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hastasthitakhanditacakra&alinam 

dvijendrakantam irita vaksasam sriya | 
satyanuraktam narakasya jisnavo 

gunairnrpah sarnginamanvayasisuh || 

Safikaravarman also uses such a combination, but he 
employs Indravamsa in one quarter and Vam6astha in three 
quarters in the following (II. 3) : 

pratatpara sastiguna hi tatpara 

viliptika saivamasau tathakala \ 
saivam la vastattridasahatirbha ved 

rasih sa martandaguno bhamandalam || 

On another occasion he uses the metre Kabarl, which is 
not quite common (IV.9) : 

jlvardhakrterisuna 

labdena yutam tamistam \ 
vyasapramitam paridhe- 
ristasya vidurganakah || 

In fact the second quarter ends with the word 'istam'. 
Since it does not tally with the definition of the metre, the reading 
has to be changed to isum. This metre is reminiscent of 
Varahamihira’s verse Brhajjataka (VI.3) : 

papavudayastagatau krurena yutasca sasl | 
drstasca subhairna yada mrtyusca bhavedacirat || 

The metres used in this work and their full import form a 
topic for specialized study. Only a partial survey has been made 
above. 
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Poetic Skill: 

Though there is not much scope for showing his poetic 
skill, Saftkaravarman introduces fanciful expressions 
occasionally. He says for instance (V.43) : 

mararivardbita ibastu muraribhaktab 

This means that the figure has to be increased by marari (225) 
and then divided by 225 (murari). Incidentally, it refers to a 
devotee of Lord Visnu ( muraribbakta ) who prospers by the grace 
of Lord Siva (marari vardhita ) and thus a paradox is introduced. 

There are many places indicative of the author’s 
knowledge of grammar. 

Though the special features are not studied exhaustively, 
it is to indicate that detailed study from the above points of 
view is desirable. 

6. Inaccuracies and shortcomings of the text : 

The materials used for the study are (i) the transcript made 
available by K.V.Sarma, which incorporates the differences in 
readings and (ii) the text with the auto commentary. There are 
some places in the text showing inaccuracies, relating to the metre, 
expression etc. We shall enumerate them one by one. The account 
on metres includes some of these. 

(i) Consider Chapter HI, v. 27 : The text reads thus: 

raserarkenaisya bhukta lipta bhaktah svacchede nadyab | 
kalyat pas cat purvah sadbhadyarkenaivam castat || 

The intended metre is Vidyunmala. But there is an excess 
of one syllable in the second quarter and a shortage of one 
syllable in the third quarter. This can be corrected as follows: 
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ra&erarkenaisya bhukta 

lipta bhaktah svacchede syuh \ 
nadyah kalyat paScat purvah 
sadbadhyarkenaivam castat || 

The error has occurred obviously in copying. 

(ii) Chapter IV, vv. 41, 42, 43 : 

These three stanzas are not commented on by the author. 
The translation has been supplied to v. 41 and v. 42 which do 
not give the exact results. Some modifications have been made 
to interpret them. In v. 43, the expressions are not accurate. 

The auto-commentary is probably missing. 

(iii) Chapter V, v. 26, which reads thus: (first two quarters): 

samharakaghnaphalabhardhama vag digaksam 
pitryarksakalabhagunena krtadamusmat \ 

In the first quarter it is suggested to multiply 1287 by 
palaAgula. Then in the second quarter it refers to the finding of 
mahajya of kalalagna. But it is necessary to subtract three rasis 
from kalalagna as is the usual practice and as suggested in 
the commentary. So it is necessary to incorporate the idea of 
subtracting three rail's in some place. It seems convenient to be 
replaced ‘ digaksam ’ by ‘ tribhona ’. 

(iv) We turn our attention to Chapter V, v. 45, which runs thus: 

evam caitat kalalagnantaralavagalite 
mudha bhage sa drsyah || 

The metre is Sragdhara as evidenced by other quarters. 
In the above quarter the metre is violated. 
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It can be replaced by the following: 

e vam kalakhyalagnan tarala vagalite 
mudhabhage sa dr&yah || 

(v) The Chapter VI, v. 50 is as follows: 

karkyenadikamandadohphalajakotya sviyakotiphala - 
svarninya vihrtardha vistrtikrtirmandasrutistadgunat \ 

This does not convey the sense. One can reconstruct thus: 

khetasya sphutakotimandaphalayorvargaikyamulam tato- 
tena syad vihrtardhavistrtikrtirmandasrutistadgunat || 

(vi) The Chapter VI, vv. 45, 47 and 48 do not give satisfactory 
results. It is also likely that these two verses (47 and 48) are 
interpolations and the work contains only 210 verses, as 
interpreted in Chapter VI, v. 58. In the auto-commentary the 
Chapter IV, vv. 40, 41 and 42 of are not included. Also it 
breaks abruptly at the middle of the Chapter VI, v. 32. 

Apart from these, there are some minor mistakes. The 
section on special features clearly describes the irregularity 
in some metres. One cannot expect a work written by a 
scholar like Sankaravarman to have such shortcomings. These 
irregularities may be the by-product of copying and recopying 
often by people who do not have knowledge of prosody, grammar 
or language. One has certainly to conclude that the original text 
composed by the author has undergone distortions in the process 
of copying. 

7. Manuscripts used for the Edition of the Text 

Prof K.V. Sarma has made the critical edition of this 
text after collating seven manuscripts which are independent of 
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each other, none of them being a direct copy of another. A short 
summary of these manuscripts is given below: 

(i) A1 — refers to Ms No. 8322-B of Kerala University 
Oriental Research Institute and Manuscripts 
Library, Trivandrum. 

(ii) A2 — Ms. No. R. 4448 of the GOML, Chennai, which 
is a paper transcript. 

(iii) A3 — Ms. No. C-2136 of Kerala University Mss. 
Library, Trivandrum is in palm leaf. 

(iv) Bl- Ms. No. 628-D (old No.1076) of the Govt. 
Sanskrit College Library, Tripunithura, Central 
Kerala, which is in palm leaf. 

(v) B2 — Ms. No. 22177 of the Kerala University Mss. 
Library, is in palm leaf. 

(vi) B3 — This text is an incomplete edition, extending 
to VI.32, issued with commentary in Malayalam 
script in 1898. 

(vii) B4 — Ms. No.67735 (old No. 21-B-6) of the Adyar 
Library and Research Centre, Chennai is in palm 
leaf and is in Grantha script. 

More details regarding each of these manuscripts are 
given in the Introduction by Prof. K.V. Sarma in his critical edition 
of this text. 

8. Method of Translation 

In general, literal translation is not done. The method of 
free rendering is adopted. In some places, the stanzas are 
incomplete without the commentary. In such cases, explanatory 
translations are given. 
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Mss. used : A, - Ker. Univ. 8322-B ; A 2 - GOML, Madras, R.4448 ; 
A 3 - Ker. Univ. C. 2136 ; Bj - Skt. Col. Tripunithura, 628-D ; 
B 2 - Ker. Uni. 22177 ; B 3 - Kavanodayam, Nadapuram (1898) ; 
B 4 -Adyar 67735. 

1. A, flfadr'lK, A 3 flf&fFIR 

2. B 2 -tovf 

3. B, *rfara 

4. Aj^rf^r^ri 

5. A 3 *T^moii 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 



2 


BsWMIHI 


efl oitfd i 41 Pdoe^H u| : aD^didf^ 1 - 

^^-Hkumci^cRNW^^i d^ 

d-d ^d4uldMfW^i)fd$di <M 113 lT 


^dHfd(d J {coisf ePdl^fd: I 

iivii 5 


(^I'WhiR) 



l 


f^grT ^FJrT dilfe^ ^^^5? im II 


3r4 W&i Wf^TMlc^T’iaftfRT: 11$ II 


1. 

2 . 

3. 

4. 

5. 



B 2 3 

B 2 nRa<ri 


B, Omits the verse. 

A , 3 add the undermentioned verse here. The 
commentary does not comment on it. Possibily this is a 
later addition to the text: 


l: ?T®3TsJft%f=K5: I 

%n«+il1r1^ra-^HK4i41 *=i<t>i<*HifiTqd: hR«iR nf^ai J icTi 1% II 


^MjcLatIxitllcjclL Fh-iuLh-A- 





: 11*3 II 



^STPFSIHo^csb^l sh^ u lc)i#:4l: I 



mV< \\U II 



2. B 23 ’JsmWH. 

3. B 23 ^H 

4. A 2 reads ^?T: ; B reads ; B 4 omits 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 




cRTfojcT ^^^Tfct^cTSIT IRXII 


(tmlWf) 



1. B 2 3 

2. B, omits the verse. 

3- B 1 2 3 4 ^T: 

4. A 3 

5. B mss. have an alternative verse for the present verse: 

*nR.=w I 

7 J3T^: sftfbtHl^d: «hR4ST: II 

(B 2 3 for ^17ft4R ; B 2 3 ) 


SMjdxrlmtcjal 9^u£/tJ. 



3TSHT !Jcb<UU^ 11 


A 3 

B 23 



B 2 No colophon. 





6 




3T2I INIUeMUl"^ 


(■^TcTOHH) 

^8tR fcmfd=bl Mfd=hl f^T^f 

IdlfDl qfejjflkilft MtRiR I 
■feifJT ^ mm 3 

TTOTtfe^T^I: ^ST^TTO: IR II 

W&Fm wit^sicsn^: I 

^9hfH«mclc-H^f:^Hlfecbi: IR II 



ydrH<l drM<i 

I^RiIh^i w^tt i 







IR II 


IIX II 


1. 

2 . 

3. 

4. 


A 3 Marginal note : 
B 4 Hapl. om. of 

A 3’ B l-3 


B 3 ^m-. 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 






TT%: I 

nw^mRTc^ im u 1 


(U?T:^3ilPl^) 

^RFTfTRR: c1K=hl: 11^ II 


(TsawMRwn) 


^imr: 



I'illdMf^l: I 



I |V3 11 


(^^1-0=1^^: =heMI ^iRHI-s*Ih4>=ii*KidL I 

WM^^I^dl <Ul3cil:^8FTTftw*r 114 II 

FPTTfifcr^TT:q^fe<*|ffRn : ||^|| 


1. A 2 transfers this after verse 13 in this chapter 

2. A 3 Rlfjiai: 

3. B 2 3 

4. b 3 3tt^; 

5. B 3 

6. B 3 3TOTf3J: 


SMjdxHxmjLCjaJ. fh-iuLU-A- 


8 


♦IRC'IHK't 


(Mhhh) 

<<u^w«KU|: ^R : | 

al^niifils^To^-^d^JcT^ ll^o || 



IdlR^ld tj^wtocl^T: 2 IIU II 


3 

c^crti^ldi^i: MdAd^fy: ^^S^’RT^tS^f^WI^FT: I 


(^i u ii mR^tm) 


ql^ii^i: W^^^Hl5wij(i'W8n x n i 2 3 4 T: I 
M*Jl<WI^(y: chichufldcj'^iwii'l cRiiet,; ||^ || 


1. B, 2 3 transfer this after the next verse. A2 transfers 

this after 11.13 

2. A 3 ,B lf4 firaft 

3. B, 

4. A 2 


&Mjdxrlmlcjal fh-iuLU-A- 




(fcWl4M:) 






f|?ft4 Sl^ T J T ^ II 


1. A 2 3 ft? 

2. A 2 3 

3. A, 2 do not end the chapter here, but continue it with 
the next, the verse numbers also being continuous. 


A 


3 



^mjcLaj-Ujtll€ixlL 




10 


'•HSHHIHI 


3T8I TJcM ^ l#J4eMU|^ 


(^TcTRJ^K:) 


W*Rq Wcfffylfot¥ldlu4l4^Mtfl: I 



:MS3U^TT^IR II 


(Mm) 

tllfm 5TO ruWl^fWrWTFft: I 
'iWlifa Israel Icf^ 3 1R II 


(^wf^a^TTfWT:) 

^|p ^iloi|| : ^^l^: I 

113 II 


1. 

2 . 

3. 


4. 


B, 


A, omits the latter half of the verse. 

A 3 '4^ for 1 (A, 2 3 have an additional verse here 
{tlf 3RW^T#? |]U|fi|-GsS| d<t-=|i) I 

r ^ 


A, 23 have this verse before verse 1.6 while two extra 
verses, which have not been commented upon in the 
commentary, occur here with serial verse numbers : 



f%Tjoft *j u igol eu.'fcl 



^mjcLaj-Ujtll€ixlL 9^u£/iJ. 




gs'H iwiuiiq.^w'jfeiGft: || 
i.A 3 *raraft, 2. a 3 3 <iRi+)hm, 3. A 3 

B 


2,3 

B, 


B 4 W 

B i, 2,3,4 





^mjcLaj-Ujtll€ixlL 



«HTcq^: 






14 




d^kl^d ^ IIU II 

(^mRT: c^llR^) 

WT^3T^cT I^T ^ffc^PT: WU^ I 

IRo || 


2 

HMI^M$Rc^<J*ll^8rll<y4'l ^ | 
fcfs^OT elillcNt qfl^T: |R* II 

P)sUd^sK4f ^siyunfajuft I 
d^ldM^isWl: *Rft IR3II 

I^ffcT: 4 | 

d dl<od) d^lcf) J|Id4) J ld^-d> IR3 II 


wwi; i 

chldl-tR'^ Mdfd: o^l-W tedM IRVII 

1 . B j ^TFft for HR 

2. B l cf«m 

3. B^^a^B,^ 

4. B 2 , B 3 (wrong) 

5. A 3 



^mjcLaj-Ujtll€ixlL 9 ^u£/iJ. 




15 



^mjcLaj-Ujtll€ixlL 









cfr^Rfr^^cTrT^mr: I 




Wl^sf^WlRlM' IIX II 


B 2,3,4 

B 2,3 

A 2 transfers this verse after the next, -3 sulci HI etc. 


1 . 

2 . 

3. 


^mjcLaj-Ujtll€ixlL 9^u£/tJ. 



fdqHifaifasjFrsTtw- 


im ii 


fd'41^ ^'afldldl^Ffts|l lj ii6fci:fifd: 11$ || 


It's II 



1. B, 

2. A, omits the latter half of the verse. 

3. B, 2 3 have for this an alternative verse : 





1 . B, ffa 2 . B, WHf 3. B, ^R^ 


^MjdxrlxrmLcjal ^FhjuLtJiA. 


18 


w aHMF n 




^w t mRgch< oT ^ 


19 


q-^Hld 'c|Sh'H^<>SHc( 1 HMRl«1>lBl% ll^ll 



fsj] u llddfedl^cjcflaRl^ft ll^ll 


^Ftfz#TcT: 


IIU II 


(WWf%:) 


MWshlR Plc^l HiJ ,r ii "30=11 I 

\\\% II 2 



(^sFlf%:) 

3^sFTf^J|T^^[| f^TIHI ^iteSsblQ: I 

>HIMM<MNI: IRo|| 3 


1. B, 2 3 have an additional verse here : 

ctiiti-qiw l=t'3ii-fl<<i^'»ll I 

2. B, 2 3 have an alternate verse : 
^IpMl <£™l«$lMoOT4H<i'l 4 j u lld. I 
swR)'hlfeej4tal¥Tft^l^-lklwm^l: II 

3. B U23 do not have this verse. 


^mjcLaj-Ujtll€ixlL 9^u£/tJ. 



20 









^f^TTc| mi I*J l) f?11^0 II 

1. B, 2 3 4 read for the quarter as 

2. B 2 3 for 

3. B, 2 3 4 transfer this verse to the end of the chapter. 

4. B 2 does not have this verse. 


Wo/traicoZ 




22 


4KHHIHI 




^Idlctfd^Wdkfdl: I 

^kwi* km1&w: 113*11 


fa^lHcl^6d'd*-£cldW d J i- 
iWTT^:' 

^T: M<fl$d s^K^iMdl- 

«rra t^t ten ^en^H^n 


H3R ii 


(eJRTcT: Idtesll) 

^\U\ cTSRT: WdMd^dldjd^ll^dl ^TT^n I 
’H^rbl'd RdtelTtf'qTH Wlf?M I 

1133 II 

(terteFR:) 

y *A<tetewcqf^- | 

3H^J||^JtetoT: W^lte<sdd4\gT^3n^ 113X11 


1. A, 

2. A, ^IRR% 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 







24 


UsWMIHI 


W\ cf't|<MMfdcbl: W^3Ttf: I 


ftd'HH, iivo n 


((c|fd^vrq|;) 





fd I^Ml\ 

«J*I WTSf 1 2 3 Wl SRftT ^ a lIIX^ ii 4 


q^Wlfd 45 u lld-<aa5^fo6— hH'4141 h<I 

^^W^fdH^^fdUSTtfi c^d^nR. 

wM-dfd^ft«Wcb: IIXRII 5 


1. A 2 ,B,^ 

2. B 4 transfers this verse to the end of the chapter. 

3. B 4 TT^reft 

4. B, 2 3 do not have this verse. 

5. Bj 2 3 do not have this verse. 


^MjcLatIxitllcjclL Fh-iuLh-A- 




^HjdxrlxraJjcjaL 


3 




26 




3Tar xr^rr 


(TOoitaic-Hcb J lluid*i) 





IR II 


(^■WlPlfocR) 


(«bW<nyM<HH) 

W- WHTO: W£R%HT: W^I'^TT^cT: 


cirfrici'si<wife^ IR II 



(fl$hs»WM^W d<j$KI chldfH^irr) 

^dW^Sl4>x|<NA^f|^4|^(^l^'J|| ^fel I 

IK II 


fell ■cRKS^Ji'tiRdi ^nlcfTPl^i: -M6i^ u l 6dl<$>iilf;: I 



^ipdlWTT^n^ | |V 11 


1. B, ferc 


SMjdxrlmtcjal 9 ^u£/iJ. 



27 



KlBfcmCIIEK^EIUL!Jlfea»lgglL!UEHCEK 


3W>faldM«sffTW<l«: sHR^I'^SS^T I 
McWIIH: 114 

Md'j^i'Hi^T^stiiRlgdiq^R: I 


1. B 2 3 (wrong) 

2. B 2 3 'few (wrong) 

3- B,'^: 



(■jJFTTcT: 



^mjcLaj-Ujtll€ixlL 9^u£/iJ. 








29 




30 




(^5^TTcT:^TeT:) 

fS: 1^*PTT 2R3J 4)°d? I 

^rgT ^fkrr^rftraRR: I 

^pfcn fi^cl^: 

3TRR^pf ^ 

IU\9 II 


^WM^H'eRBcFIcl^'lPlHMtJIH 

$Tffr^R^cm'd: ^farfiteRTf: | 

J* I i\iW \<W fa W6Vl 1'3'dK ^dd IH 

■^13 rfd^^R^l^x^fHd -dlftd^ ||U II 

yixbd^w f^rwsfr ^ ■q-arc^- 

sb*UdJ^ I 

dc^lwfaddfad<fcld^dadmi: 

faf^T^rIRS II 


sb^^fa ^Id sb^-dl^d: ^'^dld^: 



•fifd^?l^^dTW^rfl'dft ^WTfa% IRo || 


II 



i 


1. 


B, 


SMjdxrlmtcjal 9 ^u£/iJ. 






31 


(iWlftldH) 




drtll^WWIAll^^:' IR* II 


^1 fdldtfRtM ^ I 

<idil*-ct'(^4f?rci6 MdI*-d J fl cft^frrsf: >H-MIhI 

IR3 II 



^l STTf^R- 

Hic;i<^$Kfcigd: <sk^ d*-«H <7^ II R? II 

T T^ r T fcijlld WsldRlJ^ 
Md^HI$dftdiJ^WId: I 

ildd'd'Q^1|1 %^iJ^|^ipx || 

1. B 2 ;B 3 'feflrsi^: 

2. B 4 cT^rra'<jini(ciRi& 


SMjdxrlmtcjal ^FhjuLtJiA. 




32 


UftcHfllril 


(Rim^ihh<mhh) 

^fc: IS* dHl *ItET 11 RH 11 



J|c4'-d<m=t>£clH fcTT^fct: || II 





1. B, IdHIrH^ 

2. Emended for fanST, see notes on V. 26. 

3. B 2 3 «°4'W (wrong) 

4. B 2 3 ^ 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 







33 


(5SSIRT:) 



jJWl^l^H^hW ^IWI- 

< 4 w ^ -diaH ton eft IR^II 


(l^frqtf:) 


cT^Ih^ cTCft 41c31 



IRS II 


eft 



2 



113° || 




Mc|?ct|x|^rR^dt|<MHI^ 

^TOI^i^joftsyii^llRlHIH: I 
ele^l^H *clx||fteWM 



113* II 


1 . a 3 

2. B 2 3 feil'Jl (wrong) 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 
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cRt: Wddd)1133 II 
JJ6 u lfsb^l I 


(o«McflMld-«lfu|dH) 


fdlfe^fl I 



II 


^-WSsblQjIrMI <4Vdll$Ml iiNcfyifd^Hi^ld: I 
dNr+ld 'Wl^rdMId^^: yi^|)iR|?|U| ||^x|| 

cj^' ^IMdf^d ^HWfdH: 

ll?mi 


1. A 3 ^?- gap -RT 

2. B, 2 3 4 UWTf^ 


&Mjdxrlmlcjal fh-iuLU-A- 




'M^l 

tfksblQmW^ M<HWsi I 

^ R«lftM4)JWdd1iWlfiWdlS^:H£r 113^ 11 


^j^lceTFIPR^ImsPl^HRt: ^gcf^lfefq I 



:MKo4^:cheM^: || 



ftv^sblQui^ I 


WF^Tt^^nft'^tsT^r cT3 113^11 


WRT *J5rTf3lrTf^ftq^sf^S^ 

^Rh<M|R 6 'fclfc'Wh I 

^WTT¥TOWR^IS^- 

'«WIHIWl-rR^q-J: \\3 %II 


*i) J l J jta illRl'gitfi'MTRT 


TTcnte^m 3TH^T^r ^T- 

TT!IRPT®rcTO^^:1sMte^ IIXo || 


II $fd oikflMIdJlftldfafa: II 


1. A t 3 , B 2 3 4 ; B, WR^ta (wrong) 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 




36 




<l^^3RsF>*PH$nH?$<rll *rM: 

T 4ldl’W^IMId^H^ld'^l'»^l^ ; IIY^ II 

•2 

wlMR*W$dd: WHIdfa^ld: JjftdQq: 3 I 

6dHcii^<l^d: ^WjrRFsfS^RTT 

*rtw<n^iI I*? 11 



W: ^T: TflibfeCl I 


*miR«tRf<T$3l^^<lIVHTti: \m II 

3fT?T:^H'MWi|^8fd^fl ebwMdSIr^T^I 

^il<a<ptf cRT: HW: WsblRNlM H^d, I 



-Wl^kl cTPHi^c^dl <i«^i»d , HTt» R'JlH, I IVY 11 


1. a 2 ^ 

2. a 2 ^raftgiwR^mi 

3. A 3 %crf^T: 

4. B 2 3 4-^*4): 

5. A 2 3ftaresr (wrong) 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 





i?3isriyy«b<un^ 


37 



sKH'jjcsNra 

T^+MKs^tfHM<crl3Mfocl||*mi 


n^rimrw^ls^i ii 


(^tflvlld:) 


(^[WfafcP#TcIH) 

^Tlrill 1 2 3 4 5 ^ ftfisld «Ff I 

Phi 11X5, || 


%^TT 'Shl^neMcITfed: 

^ftsf^chiH: ■w(< j i' , M8n'5^r i 

'fldl ^ u l: WTSjTWlsr^lHlgd: IIXV3 11 



fa Wrftd H W4fa I 

^fdfcK^vjflcI I "d^fa^ l^faH I 

fa^ I p| ^ 4 t4^!#T3 Pi: W6 II 


1. Emended for ^%c^icuri^R . . . OT: l 

2. a, 3 

3. B 23 ^ 

4. B 23 °f^m: 

5. B, 


^mjcLaj-Ujtll€ixlL 9 ^u£/iJ. 






1. B 2 *TTfita: ; B 3 W: 

2. A 2 3PT; B, Hapl. om. (••••) two lines 

below. 

3. A 2 omits the verse. 

4. A t ; A 2 tjfa ; A 3 B, WW=H0|^ ; 

B 2 ^M4i<u|^ | 


^mjcLaj-Ujtll€ixlL 



39 



^mjcLaj-Ujtll€ixlL 




40 


UAHMIril 









11^ II 



fcsUI &H\ tfcJHIP Wft: I 
i\^\\ou W4Ur€R)^tTT^ \\% || 


^ %^( ■qkra^ 

ll^o || 






i \u II 


1 . B 2 3 

2. B, 2 4 Wft 

3. A 3 ^IHiniVi'd 

4. B 2 ti$WI ; B 4 ^: 

5 B TTF% 

J ' 1,2,3,4 nl ^ 

6. B 2 fa: 

7. A, to: 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 



42 




4iird^ Hdl& ^ % 

cis 1 j i[<s^iRh'+)c1'J5cI: 

I^^iMi^l^fd^d^FJ:<^I^)HshiR41cn: 11^3 II 





IKVII 




IKMI 


x^^t:^dVd ll^ll 

(jT^'dlMW:) 

wzti 

<£c=ll ^<£3 c^4'j|cl v I 

chi^^ - 

^iHi-c^y^^aafdd^-s^K^dNiH^ ii^ii 


-R'S^Tcfcii: wnVhWcTI: Wf dV IIUII 


L B 2 3 ^ 

2. A 3 , B 2 


^MjcLatIxitllcjclL Fh-iuLh-A- 








B 3 Wf?5} 

B 2 3 for ’R 

^2,3 ’ ®1,2,3 %<l ' r4 

A 




44 


UstcHHWI 



1. B 2 Hapl. om 8 (snfa... 97) ^£1, one line below ; 
B 3 contains the omitted letters. 

2. B, ; B 2 ^fst 

3. BjMhi 

4. A 2 , B 2 mteMii^sfhTT 









1. B 2 3 *i<rti6fri (wrong) 



46 




1 2 

^B-f^nTTRT ^d-MM-T^fcT: 

^^^U|i^ : ^ | oij|y|?f 4 d | r^lld=bJi 5 11^^ M 


TrfjRrai: WTRT: 

^^JtRT jq | : Wgft S?: I 
-ZF&mZR Tltel^ri^rts^ 

o^W+l4P^lfe#lRderi^imi^llHldHI: 1133 II 


*H-y)Tbl j^l=bl^l> 




I 


g 

*mi«i ^cKi-tIR^: iI 3v ii 


1. B ( gap indicated for ^ 

2. B 2 3 omit tTT 

3. A 3 omits *1^ 

4. b 3 

5. B 3 adds ^tT: <*n«<naH, I 

6. A 2 

7. A 23 ^wn 

8. A 23 ^Rl^: 


^MjcLatIxitllcjclL Fh-iuLh-A- 



jit ^T: WPFft fcT 





• 2 *3 

’-hKricl : '?^^4 J J 1 [uid tT^M?P=ici 
ctRTT: IIHII 



IRWjM fasT: BJTgR+1 I 



ll^ll 



1. A 3 ^r^T- 

2. A 3 hRm 

3. A 3 

4. B 4 comments after the gap. 

5. B, omits and reads ^cf 

6 . A, 3 , B 4 15 for ^ 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 
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WiHUMI 


$<7£>d1 

r.-T^ct^rr'^Rw 


«k^lSi< <a u 'S'ci'^^’Ml- 

feT:^#^cRWcT^^WTTf^% 3 \\Y 


r.-^T^RTfcT: I 
*jj^vtf|s«T^if^j^d^dl^ 1 2 3 4 5 6 1 |Xo 11 


^^-iJIHlBwwIcITI^H^lWiKI^: 5 IIX^ II 




IIVR II 


(‘^TO^T’ 4708 ftd«bc4«iRl £+HHcWJ|lfc:) 

y<?M8rRT: J lfticlsft ^ 

^ 7 =F^*^^lftdddH<l«3 I 
*I«£tR^3 J| u l^4f^ldl J |i| ^ 

£«WluWlfi«h<uilfed3':l^ IIV? II 


1. A, gap for 

2. A, 3 «4s*R (wrong) 

3. I?! ^'1llr*1^i 

4. B, MTcf 

5. B, 13T: 

6. A 2 gap for 

7. B, <J>rc(l 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 






1. B, TRFfe 

2. Bj ^TtKo^J 

3. B, 

4. A 3 

5. A 3 

6. A 3 sflyyRdl 

7. A 3 l^cT 

8. Bj 4 '3HT for 3TT35T 



50 





For more details, see Notes under this verse. 

A 2 

B, ^ 

A] 3 ^ 

A 2 3 for ; A, omits B, omits $ following. 
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HP)^ma i^' j ih4 s i i«f4 wig' i 

^T^t^^KT: ^^‘wT^^^R^rf^TT^I^rhTf^i^l: \\\$ II 




’Msb^ll^f^'HTh I 




(^Flcrl MfuidMft^JlhTC:) 

a^VdMRtemtel^m'Sd^d^n- 

c\ 

^®?T^<c|wPldd^<I^I^H dcM4i) I 
d"d^cq^ ^rrfe q-i 4 f^r- 

*dc^l<rl '%* PJI; 7 WTS'I Ikk 11 


1. A f ^fcRT 

2. B 14 ftRRktiq. 

3. A, f^rait 

4. B. a few letters broken off here. 

4 , 

5. A 3 !JWl&) 

6. B 4 breaks off here, the last leaf having been lost. 

7. A 3 *PH>T: 


^mjcLaj-Ujtll€ixlL 9^u£/iJ. 
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3rr^TR^9^T^fTrHr^T^: I 

3iairasn^s=r 

<t>fa«l %ePR’' 


(TFSTSRlf^t:) 



felfd ■ciRciail^^lth^frh «j u ll <4^ I 



% s^^RT HrfKf^^sft: I mv» 11 


ims 







53 


VfrT 

W=TOTHranH. 

"to j|fi)MMRtch<ychiui «nrw^ II 

ii 

A 24 ^ ^HHIeTPli M$ilil<MUI4. I 



5D<J<WIW<4H I ; B, I ; A 4 , B 2 3 4 Mss. 

imcomplete and so no colopon. 

Post colophonic statement: 

A 3 *TTf?T cfT^T Rhftafl W I 

^TS^pS f^lflRT: 11 

Then is given the date of transcription in Kollam 
(Malayalam) era, which corresponds to A.D. 1846, 
Oct. 1. 

^ chlrlHW ^ l^pm^ I 


Then are given the 24 divisor-sines for a place having 
latitude, sagara (237) : 

f^ft ^3 'J'PfH I 

II 

<i)w) "j<il II 

3TW: 3TRT: sftft *lkl l mwltfl I 

<|<D 414 (ci&i*iy wi ^3 J i^d. II 


33 wrc’ 

ITTHTTScS | sfrct wfoj V-X W^Wtsill I 

eDuuiMdil 3Jf: I 3l(c|H4^ I . 
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CHAPTER I 

MATHEMATICAL OPERATIONS 

1. Ever meditating on the lotus-feet of (Goddess) Sri 
Parvatl, the presiding deity of Lokamalayar temple, 
and also those of the teachers and paying obeisance 
to Surya and other (planets), I am writing this treatise 
(called Sadratnamala ) which is a compilation of the 
essence of the clear mathematical principles scattered 
in the ocean of astronomy, making it easy for those 
who wish to study the subject. 

The Goddess Sri Parvatl, who presides over the 
Lokamalayar temple is the protecting deity of the principality of 
Kadattanad. The author Sankaravarman, a junior member of 
Kadattanad Svarupam, the royal family ruling the principality, 
first invokes the blessings of the protecting deity of his province. 
Lokamalayar temple is situated in Badagara (Lat. 11:36 N; Long. 
75:35 E) on the west coast in Kerala state of India. The name of 
the temple is Lokamalayarkavu in Malayalam, the native language 
of Kerala, and the Sanskritised term Lokavanldharasaridarama 
is derived from the component Malayalam words loka (world) = 
loka, mala (mountain) = avanidhara, ar (river) = sarit and kavu 
(garden) = arama. 

The author then invokes the blessings of his teachers in 
order to guide him in using his knowledge, which they imparted 
to him, so that it could be passed on to the benefit of those 
who wish to study the subject of astronomy. He then pays 
obeisance to Surya, Candra, Kuja, Budha, Brhaspati, Sukra, 
Manda, Rahu and Ketu who are the presiding dieties of the 
planets and nodal points viz. Sun, Moon, Mars, Mercury, 
Jupiter, Venus, Saturn, Ascending Node and Descending Node 
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respectively. Astronomy, which is a vast subject full of 
mathematical principles, is compared to an ocean containing 
various jewels. Like a string which binds together such jewels, 
this treatise brings together the mathematical principles 
relevant to astronomy in a single work and hence the title 
Sadratnamala {A Garland of Good J@we.ls) is most appropriate. 

2. I worship the great seers who, being repositories of 
unconditional kindness, are earthly Gods and by whose 
blessings I became full with good thoughts and devoid 
of evil. 

The blessings of the great scholars are invoked in order to 
get inspiration and guidance for writing the treatise. 

PATRONAGE 

3. As per the orders of my (elder) brother, the Crown 
Prince Sri Ramavarman, the (younger) brother of the 
esteemed Arya Udayavarman, who is the king of 
Bhaimlbhumi and who, being good-natured, shines 
like a pearl in Porlatiri family and who is (like) the 
(best) ornament of Kerala, I, Sankaravarman, am 
writing this treatise for the pleasure of all those who 
know astronomy. 

The author here refers to his patrons King Udayavarman 
and the Crown Prince Ramavarman of Kadattanad Kingdom, 
both of whom are his elder brothers. The work is undertaken 
as per the direct orders from the Crown Prince Ramavarman. 
Kadattanad is called the Land of Ghatotkaca, the son of Bhima 
who is the second of the Pandava brothers of the epic 
Mahabharata. Therefore, Kadattanad is also called 
Bhaimlbhumi. 
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VASTNESS OF THE SUBJECT 

4. Where is the subject of astronomy full of deep 
meaning? Where am I who is dull-witted? What is it 
that cannot be achieved by concentration (of the mind) 
on the lotus-feet of teachers? 1 

The vastness of astronomy full of deep meaning (in the 
sense that it is not easily comprehensible) and the limitation of 
the capacity of the author are mentioned here. In spite of this 
vast divergence, the author is confident that he will be successful 
in his endeavour with the blessings of his teachers. 

DECIMAL SYSTEM OF NUMBERS 

5-6 ekam, dasa, satam, sahasram, ayutam, niyutam, 
prayutam, kotih, arbudam, vrndam, kharvah, 
nikharvah, mahapadmah, sankuh, varidhih, antyam, 
madhyam and parardham are the names (in Sanskrit) 
of the numbers starting from unity to thousand crore 
crore. 

The equivalents in mathematical symbols of the above 
Sanskrit terms are given below. 


ekam 

1 

dasa 

10 

satam 

io : 

sahasram 

10 

ayutam 

10' 

niyutam 

10 

prayutam 

10' 
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kotih 

10 

arbudam 

10 1 

vrndam 

10 ' 

kharvah 

10 

nikharvah 

10 

mahapadmah 

10 

sankuh 

10 

varidhih 

10 

antyam 

10 

madhyam 

10 

parardham 

10 


Ekam multiplied by ten is da 6 a, dasa multiplied by ten is 
satam, satam multiplied by ten is sahasram and so on. The 
numbers greater than thousand crore crore are not given separate 
names. It is to be noted here that the numbers obtained by 
dividing one by ten, hundred, thousand etc., are called dasamsa, 
satamsa, sahasramia etc., respectively of unity. 

The reference to numbers in Vedic literature has to be 
made here. The following passage from Vajasaneyasamhita 
( 17 . 2 ) in Suklayajurveda suggests the antiquity of the decimal 
of numbers. 

spTT 3T3T ^ 'STT ^ TRT ^ 7RT ^ ^ 

P 3TJT fwrr II 

“O Agni, may these (sacrificial) bricks be mine. Own 
milch-kine: one and ten, a ten and hundred, a hundred and a 
thousand, a thousand and a ten thousand, a ten thousand and a 
hundred thousand, a hundred thousand and a million, a million 
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million or a billion. May these bricks be mine milch-kine in yonder 
world and this world.” 

There are other similar passages too. 

MATHEMATICAL OPERATIONS 

7. Addition, subtraction, multiplication, division and finding 
squares, square roots, cubes and cube roots of numbers 
constitute mathematical operations as stated by teachers 
(of mathematics). 

In this stanza the author gives eight primary mathematical 
operations. The movements of celestial bodies can be studied 
by direct observation which also makes use of these mathematical 
operations and so a knowledge of them is essential. 

ADDITION AND SUBTRACTION 

8. Finding the sum of two quantities by adding the numbers 
in them either in direct order or in reverse order is called 
addition. (Similarly) finding the difference (between 
them) is subtraction. 

The method of finding the sum of and the difference 
between two quantities, as given here, pertain to the procedure 
adopted when small objects like cowry shells or pebbles were 
used for calculations. In olden times, it was the usual practice to 
do mathematical calculations using cowry shells. A quantity is 
represented by placing cowry shells equal to the digits having 
the place values of unit, tens, hundreds etc. from right to left. 
The divisions of circle viz., bhagana (a unit of 360 degrees of 
arc), rasi (a unit of 30 degrees of arc), bhaga (degree), kala 
(minute of arc), vikala (second of arc), tatpara (1 /60th) of a 
second), and pratatpara (1 /3600th of a second) and the divisions 
of time viz. abda (year), masa (month), dina (day), ghatika 
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(1 /60th of a day) vighatika (1 /3600th of a day), prana (1 /60th 
of a vighatika) and gurvaksara (1 /60th of a prana ) are represented 
by placing the cowry shells from top to bottom. 

The divisions of time are explained in the first stanza of 
second chapter and the divisions of circle are given in the second 
stanza of the same chapter. 

As mentioned earlier, the divisions of circle are 
represented by placing the cowry shells from top to bottom 
denoting bhagana to pratatpara. In the case of divisions of 
time they denote abda to gurvaksara. The order from bottom 
to top is called the “direct order” and that from top to bottom 
is the “reverse” or “indirect order”. The direct order, in the 
case of numbers, is from right to left in the order of increasing 
place values, i.e., unit, ten, hundred etc., and that from left to 
right is the reverse order. The numbers in the corresponding 
places are to be added either in the direct or in the reverse 
order to find the sum of two similar quantities. The same 
procedure is to be adopted for finding the difference between 
two similar quantities. 

MULTIPLICATION 

9. Multiply separately, the last, last but one etc. digits of 
the multiplicand by the multiplier. The sum of these 
(in accordance with the place values in the 
multiplicand) is the product. Or multiply, severally, 
the multiplicand by any number of terms into which 
the multiplier is split. The sum of these (also) is the 
product. 

Two methods of finding the product of two quantities are 
given here. In the first method, the digit in the unit place, tenth 
place etc., of the multiplicand are separately multiplied by the 
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multiplier. Then add all these in accordance with their place 
value. The second method requires the multiplier to be split 
into any desired number of terms and the multiplicand to be 
multiplied by these terms. The sum of these gives the product. 

Example 

Consider an example in which x is the multiplicand and y 
is the multiplier. Let a, b, cetc., be digits having place values 
unity, ten, hundred etc. i.e., 

x = a + 10 b + 100c + . . . 

The products of the digits a, b, cetc., with the multiplier 
y are ay, by, cy etc. The sum of these terms according to the 
place values of a, b, cetc., is ay+ lO&y-f 100cy+ . . . Thus the 
product 

xy~ ay+ 10 by+ 100cy+ . . . 

According to the second method, the multiplier is to be 
split into any desired number of terms. Let p, q, r . . ., be the 
terms into which the multiplier y is split, i.e., if 

y= p+ q+ r+. . . , 

then the product xy-xp+xq+xr+. . . 

This is illustrative of the distributive property of 
multiplication over addition. 

DIVISION 

10. In division, the quotient is that which, on multiplication 
by the divisor, becomes equal to the dividend. Division 
by a divisor which is less than the dividend is carried 
out in the “reverse order” (of digits from left to right 
or from top to bottom as the case may be). 
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The first half of the stanza defines division and the second 
half gives the procedure. If a is the dividend and b the divisor 
the result c is given by 

cb- a 

The division is to be carried out from left to right in the 
numbers and from top to bottom in the case of divisions of circle 
as well as those of time in which they are to be multiplied by 12, 
30, 60 etc., in appropriate places. 

‘In the reverse order’ means that the operation has to be 
performed from the highest place. Yuktibhasa (p. 50) asserts 
that if the highest is hundredth place, the division has to be 
performed so that the product of the quotient and divisor is a 
•multiple of hundred smaller than the given number. Then subtract 
the numbers and with the remainder proceed till the units place 
is reached. In the auto-commentary it is observed that the first 
result is on the right of the second, the second on the right of the 
third and so on, implying the same idea. 

SQUARE 

11. The product of two equal numbers is the square (of 
that number). The squares (of numbers from one to 
nine) are one, four, nine, sixteen, twenty-five, thirty- 
six, forty-nine, sixty-four and eighty-one in order. 

After defining the square of a number, this stanza gives 
the squares of single digit numbers from one to nine. The numbers 
are denoted using the Katapayadi system of notation, an 
explanation of which is given in stanza 3 of chapter 3. 

12. Having placed the square of the last digit (in the line 
of the square), the remaining part, multiplied by twice 
the last digit, is added (on the right of the square 
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already placed). This procedure is repeated with the 
remaining digits (of the number). 

Squaring a number of more than one digit is carried from 
left to right. The digit on the extreme left is called antya (the 
last) and that on its right is upantya (the next to the last). Antya 
is squared and placed. The remaining part is multiplied from 
left to right by twice the last digit and placed as a part of the 
square already placed starting from the next place. The procedure 
is repeated until all the digits are finished. 

Example 

The following example illustrates the method. Suppose 
the square of 3456 is to be found out. 



3 

4 

5 

6 



Place 3 2 

9 






Add 2x3x4 

2 

4 





Add 2x3x5 


3 

0 




Add 2x3x6 



3 

6 




1 1 

7 

3 

6 



Add 4 2 


1 

6 





1 1 

8 

9 

6 



Add 2x4x5 



4 

0 



Add 2x4x6 




4 

8 



1 1 

9 

4 

0 

8 


Add 5 2 




2 

5 


Add 2x5x6 





6 

0 


1 1 

9 

4 

3 

9 

0 

Add 6 2 






3 


1 1 

9 

4 

3 

9 

3 


^mjcLaj-Ujtll€ixlL 


10 


sadratnamAlA 


The squares of the digits are to be added to alternate places 
from left to right. These places are called vargasthanas (the 
square places). The places in between vargasthana are called 
avargasthanas (the non-square places). Thus the squares are to 
be placed in the vargasthana and the product of twice the last 
digits and the remaining parts are to be placed in the 
avargasthana. It is interesting to see that the whole procedure is 
very handy when cowry shells (or any small objects like pebbles) 
are used for calculation instead of writing materials. 

13. The product of two parts (into which a number is split), 
multiplied by two and added to the sum of the squares 
of the parts is the square (of that number). Or the 
sum of the square of any arbitrary number and the 
product of the sum and difference of the given number 
and the arbitrary number is (also) the square (of that 
number). 

Two more methods of finding the square are given. In the 
first method, the given number is to be expressed as the sum of 
two parts. The sum of the squares of these parts to which twice 
the product of these parts is added, is the square. If a is the 
number, which is expressed as the sum of two numbers b and c, 
then 

a = b + c + 2 be 

According to the second method, an arbitrary number is 
added to and subtracted from the given number and the product 
of these sum and difference is found. Add the square of 
arbitrary number to this product to get the square of the given 
number. If a is the given number and A is any arbitrary number, 
then 

a = {a + k) [a - k) + k 2 
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SQUARE ROOT 

14. (Having deducted the maximum possible square from 
the last square place) divide the non-square place by 
twice the square root (of the maximum square earlier 
deducted). Deduct the square (of the quotient) from 
the next square place. Repeat this (to get the square 
root). 

The number whose square root is to be determined, is 
denoted by placing the digits in a line. The odd places counted 
from right to left are the square places and the even places are 
the non-square places, as mentioned earlier. The maximum 
possible square (of numbers one to nine) is subtracted from the 
digit or digits in the last square place and keep the square root 
in a separate place. This is prathamaphala (the first result). Place 
the digit of the next non-square place on the right of the 
remainder and divide by twice the first result. This is dvitlyaphala 
(the second result). Place the digit of the next square place on 
the right of the remainder and deduct square of the quotient 
from it. Place the digit of the next non-square place on the right 
of the new remainder and divide by twice the second result. 
This is trtlyaphala (the third result). Place the digit of the next 
non-square place on the right of the remainder and divide by 
twice the third result. This is repeated until all the digits are 
exhausted. If the given number is not a perfect square, zeroes 
are placed in square and non-square places and the process is 
continued to any desired number of digits. 

Example 

Consider the following example in which the square root 
of 11943936 is to be found. The square places are marked s 
and the non-square ones n. 
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Subtract 3 2 
Divide by 2 x 3 


Subtract 4 2 
Divide by 2 x 34 


Subtract 5 2 
Divide by 2 x 345 


Subtract 6 2 


s n s n s n s 

11 9 4 3 93 6(3456 

9 _ 

6) 2 9 (4 

2 4 

5 4 
1 6 

68) 3 8 3 (5 

3 4 0 

4 3 9 

2 5 

690) 4 1 4 3 (6 

4 14 0 

3 6 
3 6 

0 


Since the remainder is zero the given number is a perfect 
square and its square root is 3456. 

CUBE 

15. One, eight, twenty-seven, sixty-four, one hundred and 
twenty-five, two hundred and sixteen, three hundred 
and forty-three, five hundred and twelve, seven 
hundred and twenty -nine are the cubes of the numbers 
from one to nine. The product of three (equal 
numbers) is the cube (of that number). 
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16. To the cube (of the last digit) add (on the right) the 
product of thrice the square of the last digit and the 
remaining digits. Then add (on the next place to the 
right) the product of thrice the last digit and the square 
of the remaining part and then add the cube of the 
remaining part (on the next place to the right). This is 
(repeated until all the digits are finished to get) the 
cube. 

Example 

Consider an example in which the cube of 234 is to be 

found. 


Place 2 3 
Add 3 x 2 2 x 34 

Add 3 x 2 x 34 2 

Add 3 3 

Add 3 x 3 x 4 2 
Add 3 x 3 2 x 4 
Add 4 3 


8 

4 0 8 

12 0 8 

6 9 3 6 

1 2 7 7 3 6 

2 7 
1 0 8 
1 4 4 

_ 6 4 

1 2 8 1 2 9 0 4 


17. Having split the given number (whose cube is to be 
determined) into two parts, thrice their product is 
multiplied by each of them. Their sum to which the 
cubes of the parts are added is the cube (of the given 
number). 
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Let c be the given number which is expressed as the sum 
of two terms a and b. Then 

c 3 = 3 ab.a + 3 ab.b+ a + 

= 3 ab + 3ab^+ a+ b 3 

CUBE ROOT 

18. (Having deducted the greatest possible cube from the 
last place and having kept the cube root of the number 
subtracted in the line of cube root), divide the second 
non-cube place by thrice the square of the cube root 
(and place the quotient on the right of the cube root 
kept earlier) and subtract the square of the quotient 
multiplied by thrice the cube root from the first non¬ 
cube place. Then subtract the cube (of the quotient) 
from the cube place. Repeat this until the digits are 
exhausted. 

The places counted from right to left are called cube place, 
first non-cube place, second non-cube place, again cube place, 
first non-cube place, second non-cube place and so on. 

Example 

In the following example to illustrate the method given in 
the stanza, the cube places are marked by cand non-cube places 
are marked by n and ri respectively. 
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c ri n c ri n c 
12812904 234 

Line of cube root 

1 2 8 1 2 9 0 4 
8 

12) 4 8 (3 

3 6 

1 2 1 

Subtract 3 x 2 x 3 2 5 4 

6 7 2 

2 7 

1587) 6 4 5 9 (4 

6 3 4 8 

1110 
110 4 

6 4 
6 4 

0 

Thus the cube root is 234 as the remainder is zero. 

Since the remainder is zero, the cube root is exact. It is to be 
noted that in step 2 the quotient is 3 and not 4 in order that the 
product of thrice the cube root and the square of the quotient can 
be subtracted from the next non-cube place. 

ITERATIVE METHOD OF FINDING SQUARE ROOT AND 
CUBE ROOT 

19. Divide the number (whose square root is to be found) 
by any arbitrary number and find half of the sum of the 


Subtract 3 x 23 x 4 Z 
Subtract 4 3 


Subtract 3 3 
Divide by 3 x 23 2 


Subtract 2 3 
Divide by 3 x 2 2 
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arbitrary number and the quotient. Divide the number 
again by this new divisor. The same process is 
continued until the quotient becomes equal to the 
divisor. In the case of cube root, the first quotient is 
divided again by the arbitrary number to get the second 
quotient. The half of the sum of the arbitrary number 
and the second quotient is found which is the second 

divisor. This is repeated until the divisor becomes 

2 

equal to-the second divisor. 

Example 

Let 625 be the number whose square root is required. 


Divide by 10 (arbitrary number) 

10) 

6 

2 

5 (62 



6 

2 

_0 

Divide by (10 + 62J/2 

36) 

6 

2 

5 (17 



3 

6 




2 

6 

5 



2 

5 

_2 

Divide by (36 + 17)72 

26) 

6 

2 

5 (24 



5 

2 




1 

0 

5 



1 

0 

4 

Divide by (26 + 24)/2 = 

25) 

6 

2 

5 (25 


5 

0 


1 

2 

5 

1 

2 

5 

0 


Thus the square root is 25 since remainder is zero. 
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Let 512 be the number whose 

cube 

root 

is to be 

determined and let 10 be any arbitrary divisor. 




Divide by 10 

10) 

5 

1 

2 (51 



5 

x 

_0 

Divide 51 by 10 

10) 

5 

1 

(5 



5 

x 


Divide 512 by (10 + 5)/2 

7) 

5 

1 

2 (73 



4 

_9 





2 

2 




2_ 

1 

Divide 73 by 7 

7) 


7 

3 (10 




J_ 

0 

Divide 512 by (7 + 10)/2 

8) 

5 

1 

2 (64 



4 

_8 





3 

2 




_3 

2 

Divide 64 by 8 

8) 

6 

4 

(8 



6 

_4 




0 




As the first divisor and the second quotient have become 
equal and the remainder is zero, the cube root is 8. 

NOTES 

1. One is reminded of the verse, at the commencement of 
Raghuvamia of Kalidasa (I. 2): 

kva suryaprabhavo vam&ah kva calpavisaya matih ... | 

meaning, ‘where is the dynasty of the Sun and where am I with 
poor intellect’. 

2. See Appendix m for a mathematical justification of this 
procedure. 
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CHAPTER II 
TERMINONLOGY 


DIVISIONS OF TIME 

1. Of (the divisions of time), gurvaksara, vighatika, 
ghatika and dina (each, in order), sixty times the 
former is equal to the latter. Thirty times dina is masa 
and twelve times masa is a savana abda. 


The divisions of time defined in this stanza are listed in 
the following table: 


60 gurvaksaras 
60 vighatikas 
60 ghatikas 
30 dinas 
12 masas 


1 vighatika 
1 ghatika 
1 dina (day) 

1 masa (month) 

1 savana abda (year 
consisting of 360 days) 


A day is divided into 60 ghatikas each of which is divided 
into 60 vighatikas. A vighatika consists of 60 gurvaksaras. The 
term gurvaksara, literally meaning a long syllable, here signifies 
the time required to pronounce a long syllable. It is a unit of 
time which is 1 in 21600 parts of a civil day. 


The units of time smaller than gurvaksara and those greater 
than the savana year were in use. These units according to 
Vatesvara siddhanta (I. 7-9) are given below : 


Lotus-pricking time 
100 trutis 
100 lavas 
41/2 nimesas 
4 gurvaksaras 


1 truti 
1 lava 

1 nimesa (twinkling of eye) 
1 gurvaksara 
1 kastha 
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Vh kasthas 

= 

1 prana (4 seconds) 

6 pranas 

= 

1 vighatika 

60 vighatikas 

= 

1 ghatika 

60 ghatikas 

= 

1 dina (day) 

30 dinas 

= 

1 masa (month) 

12 masas 

= 

1 savana abda (year 



consisting of 360 days) 

43,20,000 savana abda 

= 

1 yuga 

72 yugas 

= 

1 manvantara 

14 manvantaras 

= 

1 kalpa 

2 kalpas 

= 

1 day of Brahma 

30 days of Brahma 

= 

1 month of Brahma 

12 months of Brahma 

= 

1 year of Brahma 

100 years of Brahma 

= 

1 mahakalpa 


2. The Celestial Circle rotates always (relative to earth) 
and completes one rotation in a time equal to 21600 
pranas. This number (21600) is the (number of) 
minutes of arc in a circle. 6 pranas are (equal to) a 
sidereal vinadika. 

A prana is defined as the time equal to 1 in 21600 parts of 
the time taken for the rotation of the Celestial Circle relative to 
earth. This is same as the time taken by earth to rotate once 
about its own axis. It can be seen from the previous section that 
a prana is equal to 10 gurvaksaras. As the number of degrees of 
arc in a circle is 360, each of which is divided into 60 minutes 
of arc, there are 21600 minutes of arc in a circle. Therefore a 
prana is the time taken by the earth to rotate through a minute 
of arc about its axis. 
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DIVISIONS OF THE CIRCLE 

3. Sixty times pra tatpara is tatpara. Similarly, (sixty times 

tatpara) is viliptika. In the same manner, (sixty times 
viliptika) is kala and (sixty times kala) is lava. This 
(lava) when multiplied by thirty is rasi and rasi 
multiplied by twelve is the bhamandala. 

This stanza defines the angular measures in a circle. 
The following table gives the inter-relations of the divisions of 
circle: 


60 pratatparas 
60 tatparas 
60 viliptikas 
60 kalas 
30 lavas 
12 rail's 


1 tatpara 

1 viliptika (second of arc) 
1 kala (minute of arc) 

1 lava (degree of arc) 

1 ra&i 

1 bhamandala (circle) 


ASTERISMS 

4. The Celestial Circle consists of 27 asterisms. A rasi 
is two and a quarter asterism. There are 135 stellar 
nadis in a ra&i. 

27 asterisms lying along the zodiac identify the Celestial 
Circle, which is divided into 12 rasis each equal to 30 degrees. 
Therefore, a raii in terms of asterisms is 27/12 i.e., two and a 
quarter. An asterism is divided into sixty equal parts called stellar 
nadis. As 214 asterisms constitute a rasi, the stellar nadis in a 
rati is 60 x 214 = 135. A circle contains 27 x 60 stellar 
nadis and therefore the stellar nadis contained in each degree 
is 27 x 60/360 = 414. A stellar nadi contains 414 stellar vinadis 
and a stellar vinadl contains 414 stellar gurvaksaras. 
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TITHI 

5. There are thirty tithis in the (maximum) angular 
separation (possible) between the Sun and the Moon. 
A rasi consists of two and a half tithis and there are 
one hundred and fifty tithi nadis in a rasi. 

The instant when the longitudes of the Moon and the Sun 
are equal along the same direction, with respect to earth marks 
the end of New Moon ( amavasya ) and the beginning of pratipat 
viz., the first day of the bright fortnight. Then the angular 
separation between the Sun and the Moon relative to earth is 
zero. The instant when the moon comes diametrically opposite 
to the Sun relative to the earth marks the end of Full Moon 
(paurnamasi). This angular separation between the Moon and 
the Sun relative to the earth is divided into 15 equal divisions 
each of 180/15 = 12 degrees called tithi. These 15 tithis axe. 
called pratipat, dvitlya, trtlya, caturthl, pahcaml, sasthl, saptami, 
astami, navaml, dasami, ekadasl, dvadasl, trayodasl, caturdasi 
and pancadasl, meaning the first, the second and so on upto the 
fifteenth tithi. The dark fortnight also is divided into 15 tithis 
called pratipat, dvitlya etc. as of bright fortnight. The fifteenth 
tithi of the bright fortnight is called paurnamasi and that of the 
dark fortnight amavasya. Thus there are 30 tithis altogether in a 
complete circle of 360 degrees. A rasi, therefore, contains 30/ 
12 = TVi tithis and hence there are 214 x 60 = 150 tithinadis in 
a rasi. 


PLANETS, RASlS AND ASTERISMS 

6. The Sun, Moon, Mars, Mercury, Jupiter, Venus, 
Saturn, the ascending node and descending node are 
the planets (grahas). Mesa etc. are the rasis and 
A svinl etc. are the asterisms. 
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The Moon, which is a satellite of the earth, is taken as a 
graha. The Nodes, which are the points of intersection of the 
ecliptic with the orbit of the moon, are also given the status of 
the grahas. The Moon and the Nodes move along the zodiac like 
the grahas and the mathematical principles behind their motion 
are the same though the latter always move in reverse direction 
along the zodiac. 

The zodiac is divided into 12 equal divisions called rasis. 
They, are Mesa, Vrsabha, Mithuna, Karkataka, Simha, Kanya, 
Tula, Vrscika, Dhanus, Makara, Kumbha and Mina. 

Twenty seven asterisms into which the zodiac is divided 
are Asvini, Bharani, Krttika, Rohini, Mrgasirsa, Ardra, 
Punarvasu, Pusya, Aslesa, Magha, Purva PhalgunI, Uttara 
Phalgum, Hasta, Citra, Svati, Visakha, Anuradha, Jyestha, Mula, 
Purva Asadha, Uttara Asadha, Sravana, Dhanistha, Satabhisak, 
Purva Bhadrapada, Uttara Bhadrapada and Revatl. 

DAYS, TITHIS, KARANAS AND YOGAS 

7. The days (in a week) begin with Sunday and the tithis 
with pratipat. The karanas are Krmi, Simha etc. and 
the yogas are Viskambha etc. 

The seven days in a week are Surya Vara (Sunday), Candra 
Vara (Monday), Kuja Vara (Tuesday), Budha Vara (Wednesday), 
Guru Vara (Thursday) Sukra Vara (Friday) and Sani Vara 
(Saturday). 

As mentioned earlier, the tithis axe pratipat (first), dvitlya 
(second), trtiya (third), caturthl (fourth), pahcami (fifth), sasthl 
(sixth), saptaml (seventh), astaml (eighth), navaml ( ninth), 
da&ami (tenth), ekadasl (eleventh), dvadasi (twelfth), trayodasl 
(thirteenth), caturdasl (fourteenth) and pahcada§I (fifteenth). 
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Karana is half of a tithi. There are eleven karanas. 

They are Krmi (worm), Simha (lion), Vyaghra (tiger), 
Varaha (pig), Gardabha (ass), Gaja (elephant), Surabhi (cow), 
Visti (a dog like animal), Sakuni (falcon), Catuspat (quadruped) 
and Sarpa (snake). From the beginning of the second half of 
pratipat (first tithi ) of the bright fortnight till the end of first half 
of caturdasi (fourteenth tithi), the karanas repeat from Simha to 
Visti eight times in cyclic order. The second half of caturdasi 
of dark fortnight is Sakuni. The first and second halves of New 
Moon are Catuspat and Sarpa respectively. The karana of the 
first half of pratipat of the bright fortnight is Krmi. 

There are twenty seven yogas viz., Viskambha, Prlti, 
Ayusmat, Saubhagya, Sobhana, Atiganda, Sukarman, Dhrtih, 
Sula, Ganda, Vrddhih, Dhruva, Vyaghata, Harsana, Vajra, Siddhi, 
Vyatipata, Variyan, Parigha, Siva, Siddha, Sadhya, Subha, 
Subhra, Brahma, Mahcndra and Vaidhrti. 

The Karanas are also known by the names Bava, Bavala, 
Kaulava, Taitila, Garaja, Vanija and Bhadra. These are known 
as Carakaranas and are distributed among the 56 half tithis 
starting from the second half of sukla pratipat to the first half of 
krsna caturdasi. The other karanas called Sthirakaranas 
corresponding to the second half of krsna caturdasitho first half 
of New Moon, the second half of New Moon and the first half of 
sukla pratipat. They are also known by the names Sakuni, 
Catuspada, Naga va and Kimstughna. 

Yoga is obtained by adding the longitudes of the Sun and 
the Moon. When the sum exceeds 360°, deduct 360° from it. 
Thus there are 27 yogas corresponding to 0 - 13° 20’, 13° 20’ - 
26° 40’, etc., each having a length of 13° 20’. 

Karana and yoga are purely of astrological significance. 
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MANDI NADI 

8. MandiNadis (at day time) for the days beginning from 
Sunday are (obtained) by reducing 30 repeatedly 
by 4. Those at night time are the same as those 
(at daytime) for the corresponding fifth day. 
This is accurate for (the places of) zero (terrestrial) 
latitude. 

The rising time of Mandi (an imaginary planet) for places 
of Zero terrestrial latitude is given in this stanza. Mandi is 
supposed to rise at day time at 26, 22, 18, 14, 10, 6, and 2 
nadis after Sun rise on Sunday, Monday, Tuesday, Wednesday, 
Thursday, Friday and Saturday respectively. At night time 
Mandi is supposed to rise at 10, 6, 2, 26, 22, 18, and 14 nadis 
after Sun-set on these days. The nadis given above are accurate 
for the places of zero terrestrial latitude. For other places they 
are to be calculated proportionately, as explained in Stanza 38, 
Chapter 4. 

9. A day time consists of prahna, purvahna, aparahna 
and sayahna , each of which is of six ghatikas duration 
for the places of zero (terrestrial) latitude. 

The duration of day time for places of zero latitude is 
30 nadis or ghatikas. This interval is divided into five equal 
parts. They are called prahna (morning), purvahna 
(forenoon), madhyahna (noon), aparahna (afternoon) and 
sayahna (evening). Each of these intervals is of duration of 
six nadis for the places of zero latitude. For other places these 
intervals will decrease or increase in proportion with the 
duration of day time. 
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LINEAR MEASUREMENTS 

10. One in eight thousand of a yojana is a danda. One 
fourth of this is a kara. One twenty fourth of this is an 
angula and one sixtieth of this is to be remembered as 
a vyangula. 

The units for measuring length are defined. The table 
showing these units is given below: 


60 

vyangulas 

- 1 angula 

24 

angulas 

= 1 kara ( hasta ) 

4 

karas 

= 1 danda 

8000 

dandas 

- 1 yojana 


Bhaskaracarya defines an angula to be equal to eight yavas 
(barley corn) — 4 yavodarairangulamastasankhyaiH(LilavatT, v. 5). 

Since the length of barley corn varies from place to place, 
it is not taken as a standard unit here. 

The circumference of the equator has been taken as 
3299 ( yojanas ) since the equatorial diameter is 7626 miles. 
Thus 


7626x3.1416 

One yojana = - = 7.2621 miles 

J 3299 

One yojana is approximately 7!4 miles according to this. 
The diameter of the earth is given as 1052 yojanas and this also 
agrees with the above. 

The circumference of the orbit of the Moon is 2,16,000 
yojanas. If the Moon’s distance is taken as 2,40,000 miles, one 
yojana is about 3.5 miles. 
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There are situations suggesting that one yojana is about 
16 miles. 


MEASUREMENT OF VOLUME 

11. Kuduba, prastha, adhaka, drona, vaha and kharika are 
the units (of volume), increasing four times in order 
ending with a cubic kara. 

The table showing the units of volume is given below: 


4 

kujubas 

= 1 prastha 

4 

prastha s 

= 1 adhaka 

4 

adhakas 

- 1 drona 

4 

dronas 

= 1 vaha 

4 

vahas 

= 1 kharika 


Kharika, the largest of the above units, is equal to a cubic 

kara. 


UNITS OF WEIGHT 

12. One hundredth of tula is a pala and one fourth of this 
is a karsa. One sixteen of this a masa. One fifth of this 
a guhja. Half of this a yava. Three guhjas make a valla. 

The following table gives the units used for measuring 
weights: 


2 

yavas 

= 1 guhja 

5 

guhjas 

= 1 masa 

16 

masas 

= 1 karsa 

4 

karsas 

= 1 pala 

100 

palas 

= 1 tula 

3 

guhjas make 1 

valla. 
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COINS 

13. One sixteenth of a niska is a dramma. A similar part 
of this is pana. One fourth of pana is kakani. One 
twentieth of this is a varataka. 

The table of coins is as follows. 


20 

varatakas 

- 1 kakani 

4 

kakanls 

= 1 pana 

16 

panas 

= 1 dramma 

16 

drammas 

- 1 niska 


DIRECTIONS 

14. The Yonis (for the directions) beginning with east are 
Dhvaja (Flag), Dhuma (Smoke), Simha (Lion), Visti 
(Dog), Vrsa (Bull), Khara (Donkey), Ibha (Elephant) 
and Balibhuk (Crow) in order. If the remainder 
obtained after dividing three times the perimeter of 
the house etc., measured in units of hasta and angula, 
by eight, is odd, it is auspicious. 

To find the Yoni of a building, measure its outer perimeter 
in units of hasta and angula and multiply by three. The result is 
then divided by eight. Depending on whether the remainder is 
1,2, 3, 4, 5, 6, 7 or 8 the Yonis— Dhvaja, Simha, Vrsa and Ibha 
are considered to be Yonis auspicious and the even Yonis viz., 
Dhuma, Visti, Khara and Balibhuk are considered to be 
inauspicious. In the case of courtyards, the inner perimeter is to 
be taken for the calculation of the Yoni. 

The Yoni of buildings, courtyards etc. are given here as it 
is related to architecture which, in turn, requires mathematical 
calculations 1 . For this purpose, the perimeters of the different 
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fields such as square, rectangle, circle etc. are to be determined 
and therefore it can rightly be treated in a mathematical treatise 
like the present work. 


NOTES 

1. The method of finding Yoni using the perimeter of the 
house is described in works on architecture, Vastu etc. 
See Manusyalaya Candrika, 3.23. 
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1. We prostrate before the Elephant-faced (Ganapati), 
Sarasvatl, Krsna, Isa’s son (Subrahmanya), (Planetary 
deities) the Sun and others, teachers, Sri Lokamba 
and Daksinamurti. Let their words of blessing confer 
prosperity on us. 

The author begins this chapter paying obeisance to various 
deities. He prays to the Elephant-faced Ganapati, the remover 
of obstacles, Sarasvatl, the Goddess of speech, Krsna, the 
protector of the world, deities of the planets Sun and others, 
teachers who imparted knowledge, Sri Lokamba the Protecting 
Deity of Kadattanad which is the native place of the author and 
Daksinamurti, the God of knowledge. 

The line glr nah ireyah (may the words be for our 
prosperity) is the first of the famous Candravakyas (lunar 
mnemonics) of Vararuci, an ancient Indian astronomer. These 
vakyas, known as Vararucivakyas, give 248 daily longitudes of 
the Moon for 9 anomalistic months. By metaphorically including 
the first Vararucivakya in this stanza, the author shows respect 
to ancient astronomers and prays for inspiration. 

RULE OF THREE 

2. (Method of) obtaining the icchaphala with the phala, 
iccha and pramana is called the ‘Rule of Three’. The 
product of the phala and iccha divided by the pramana 
gives the icchaphala. 

To explain the terms involved, consider the following 
problem. Let a be the distance travelled by a body moving with 
a constant velocity in time b. It is required to find the distance in 
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another time c. Here b is the pramana (the argument), a the 
phala (the fruit) and cthe iccha (the requisition). The icchaphala 
(fruit corresponding to the requisition) d is obtained by the ‘Rule 
of Three’ as illustrated below. 

iccha x phala 

icchaphala = 

pramana 
c x a 

d= —— ( 3 . 1 ) 

b 

b and c are in units of time and a is in units of distance. Therefore 
d is also in units of distance. Thus iccha and pramana will be in 
the same units while the unit of icchaphala will be the same as 
that of the phala. 


KATAPAYADI notation 

3. The letters na, ha and the vowels (of Sanskrit alphabet) 
are (used to denote) zero. The numerals begin with 
ka, ta, pa and ya. In a conjunct (letter), the numeral is 
that of the consonant next to the last (letter). A 
consonant without a vowel (suffixed to it) is not to be 
considered (for denoting any numeral). 

The following table gives the letters of Sanskrit alphabet 
and the numerals which they denote according to the Katapayadi 
notation. The vowels suffixed to the consonants do not denote 
any numerals. They are suffixed only for the sake of 


pronunciation. The vowel a. is 
may be used as well. 

suffixed here. Any other vowel 

Consonants 


Numerals 

ka ta 

pa ya 

1 

kha tha 

pha ra 

2 
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g* 

da 

ba 

la 

3 

gha 

dha 

bha 

va 

4 

na 

na 

ma 

sa 

5 

ca 

ta 


sa 

6 

cha 

tha 


sa 

7 

ja 

da 


ha 

8 

jha 

dha 


la 

9 

na 

na 



0 


Vowels 

aaiiuurrleaio au 0 

All vowels standing alone denote zero. In conjunct letter, 
the consonant next to the last letter is to be considered. Hence 
the stanza states “misre tu upantya hal sahkhya 

Thus dhl{dh + /) denotes 9, the numeral for the consonant 
dh which is next to the last letter i. Similarly kti (k + t + i) 
denotes 6 which is the numeral for t. hrt (h + r + /) is 8, the 
numeral for h which is the consonant with a vowel next to the 
last. The consonant t is not considered as it is not suffixed with 
a vowel. 

Words denote the numbers with numerals written from 
right to left in the order of letters of words. Thus ksirabdhiga 
denotes 3926. 

KOLAMBA, $AKA AND KALI YEARS 

4. 3926 added to the elapsed Kolamba year or 3179 

added to the elapsed Saka year gives the 
corresponding elapsed Kali year, which is the number 
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of revolutions of the Mean Sun (completed since the 
beginning of Kali year). 

The time taken by the earth to go once round the Sun is 
one year. This is the same as the time for relative ‘motion of the 
Sun’ along the ecliptic. 

Kolamba year is also known as Kollam year. 

5. Multiply 365 (days), 15 (nadikas), 31 (vinadikas), 15 
(gurvaksaras) with Kali year and subtract 2 days, 8 
(nadikas), 53 (vinadikas), 14 (gurvaksaras) from it. 
This is the number of days, nadikas, vinadikas and 
gurvaksaras elapsed since the beginning of the Kali 
Yuga, which started on a Friday. After subtracting 2 
days from this, divide the result by 7 and the remainder 
is the sankramana dhruva of the Sun. 

The Kali year begins with Mesa and the number of days, 
nadikas, vinadikas and gurvaksaras elapsed since the 
beginning of the Kali Yuga is calculated by the ‘Rule of Three’. 
One year is the argument (pramana) and the duration 365 d 
15n 31v 15 g (mukutolbanakrsnatalah) is the fruit (phala). 
Elapsed Kali year is the requisition (iccha) and the 
corresponding icchaphala 

(Kali year) x (36 5d 15/7 31k 15^) 

1 

MEAN SUN 

6. The number of days elapsed (since the beginning of 
the current month) is reduced by the (same) number 
(in nadikas) and increased by the same number divided 
by 7 (deg.) 30 (min.) and added to 28 (deg.) 22 (min.) 
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etc., for the months Vrsabha etc., to get the longitude 
of the Mean Sun at any instant. 

The duration of a year as given in the previous stanza is 
365 d 15/7 31 v ISg. The Sun completes one revolution relative 
to earth during this period. Therefore the angular distance 
traversed by the Sun per day is 

360° 

365 d 15/7 31v 15^ 
o 

= 0 59' 8" (corrected to a second) 
Therefore the angular distance traversed during jVdays is 
= (0° 59' 8” ) N 
= [0° + (60' - l')60"/7.5] N 
= [ 1° — 1' + 177° 30'] N 
= [N°-N' + 7V77°30'] 

This is to be added to the position of the Sun at the 
beginning of the month called the dhruva for the month. 28 p 22' 
is the dhruva for Vrsabha. The time interval in nadikas between 
the transit of the Sun to a rati and the Sunrise on the day of 
transit is to be added to or subtracted from the motion for the 
given days calculated as above depending on whether the former 
precedes or follows the latter. 

The following table gives the dhruvas for all months. 


Month 

Dhruva 


Vakya 

Vrsabha 

0 

28 

22 

srestham hi ratnam 

Mithuna 

1 

29 

19 

dhanya dharoyam 

Karkataka 

3 

00 

27 

sukhi anilah 

Simha 

4 

01 

29 

dharanyam nabhah 
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Kanya 

5 

02 

04 

vanara ami 

Tula 

6 

02 

05 

munlndronantah 

Vrscika 

7 

01 

33 

baladhya nathah 

Dhanus 

8 

00 

38 

jale ninadah 

Makara 

8 

29 

35 

suladharo hi 

Kumbha 

9 

28 

37 

sambo hi pradhanah 

Mina 

10 

27 

59 

dharmasukham nityam 

Mesa 

11 

27 

53 

laksmlh surapujya 


The first column under dhruva represents rasi, the second 
represents bhaga (degree of arc) and the third kala (minute of 
arc). 


AHARGANA 

7. Add the elapsed Kali years to the Mean Sun at the 
Sunrise on (any) desired day and multiply it by 210389 
and divide by 576. (The result is) the number of days 
elapsed since the beginning of the Kali yuga (till the 
given day). 

The ratio 210389/576, which is equal to 365 d 15/7 31 v 
15 g, is the number of days, nadikas and vinadikas in a year. 
This, when multiplied by the elapsed Kali years, gives the number 
of days elapsed since the beginning of the current year till the 
desired day. The result obtained is divided by 7 and the 
remainder is counted from Friday. If the day arrived at does not 
agree, proper correction is made by adding or subtracting one 
or two days. 


LONGITUDE OF THE SUN 

8. Subtract 1773694 from the number of the Kali days 
(of any later date) and divide by 21185. From the 
remainder, subtract 116 (days) 2 (nadikas), 730 (days) 
31 ( nadikas ) or 365 (days) 15 ( nadikas ) as the case 
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may be. The duration of the elapsed months is 
subtracted from this. The number of completed months 
is the rasi, completed days the bhaga (degree) and 
the completed nadikas the kala (minutes of arc). To 
this, yogyadi corrections are applied. This is the 
longitude of the Sun. 

The day following the 1773694th Kali day, which 
corresponds to lOthApril, 1755, is taken as the starting point. 
The number of days elapsed from this date is found out first and 
then divided by 21185 which is the number of days in 58 years. 

The corrections for each month, in minutes of arc, are 
given for intervals of 8 days. So there are four values of 
corrections for each month. These values (in minutes of arc), 
called yogyadi corrections are given below. 

Month Corrections (in minutes) 


Mesa 

11 (yogya) 

14 ( vaidyah) 

16 (tapah) 

17 (satyam) 

Vrsabha 

19 ( dhanyah ) 

21 (putrah) 

22 (kharo) 

24 ( varah) 

Mithuna 

24 ( vlrah) 

25 (surah) 

25 (saro) 

24 ( vajri) 

Karkataka 

24 ( bhadram ) 

23 (gotro) 

22 ( ruruh ) 

21 (kari) 

Simha 

19 (dhanyah) 

17 (sevyo) 

15 (maya) 

13 (Joke) 

Kanya 

11 (kayo) 

8 (dfnah) 

6 (stanam) 

3 (gana) 

Tula 

1 (yajho) 

1 (yajhah) 

3 (gana) 

5 (suna) 

Vricika 

6 ( tena ) 

8 ( dlno ) 

9 (dhunih) 

10 (natah) 

Dhanus 

10 (apah) 

11 (papah) 

11 (payah) 

11 (pathyam) 

Makara 

11 (pujyo) 

9 (dhenuh) 

8 (dlno) 

7 (rthinah) 

Kumbha 

6 ( tanuh) 

4 (bhinnah) 

4 (ghanah) 

0 ( jhani ) 

Mina 

2 (ratnam) 

4 (bhanuh) 

7 (sunir) 

10 (nayet) 


9. These numbers viz., 11 etc .,(yogya etc.), are the 
corrections to nadikas for each month for intervals 
of 8 days. 
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The number of days in excess of multiples of eight is 
multiplied by the corresponding factor and divided by eight to 
get the correction for nadika for the excess days. 

10. Add the number of months and days elapsed to the 
time (in nadikas) of transit of the Sun to the current 
month. The correction (to be applied to this) is positive 
or negative for those beginning from yajna (1 min.) or 
ratna (2 min.). 

The yogyadi corrections, listed above, are negative for 
the period from Mina till 8th day of Tula i.e,., from ratna (2 min) 
to yajna (1 min) and positive after that till the end of Kumbha 
i.e., from yajna (1 min) to jhanf(0 min). 

LONGITUDE OF THE MOON 

11. Subtract 1794913 from the number of elapsed Kali 
days on any (later) day and divide by 12372. The 
remainder is divided by 3031 whose remainder is 
(again) divided by 248. This (final) remainder is the 
number of lunar mnemonics for the given day. 

Lunar mnemonics are 248 [chronograms] which give the 
longitudes of the Moon for 248 days equal to 9 anomalistic 
months. These chronograms, popularly known as Candravakyas, 
give the daily longitude of the Moon as rasj degree and minute 
in Katapayadi notation. This stanza gives the method of 
finding the serial number of the Candravakya corresponding to 
the given day. 

12. Multiply 9r 27 £ 48A09v44/, 1 Ir01b 3lk 10v 16f 
and 27r 436 28 k 39 v respectively by the quotients 
(obtained as above) and add the results (in accordance 
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with their place values) to 6r 28b 25k 56 v41 /to get 
the dhruva of the Moon for the places of zero meridian. 
Multiply the Moon’s minimum motion by the desantara 
and add to the result obtained if the place is on the 
west of zero meridian (and subtract if the place is on 
the east). This is the Moon’s dhruva at the place. 

9r21bAZk9vAAt, 1 lr lb 31Ar 10 v 16/and 27643128 v 
39/, in which the symbols r, b, k, vand / denote the units rail 
(30 degrees of arc), bhaga (degree of arc), kala (minute of 
arc, viliptika (one sixtieth of a kala ) and tatpara (one sixtieth 
of a viliptika ) respectively, are to be multiplied respectively 
by the quotients obtained by dividing the days elapsed after 
the epoch by the divisors 12372, 3031 and 248 as described 
in the previous stanza. The sum of all these according to their 
place values is added to 6r2Sb25k56 v41/. This is the Moon’s 
dhruva for the places of zero meridians. The mean motion of 
the Moon per day (viz.) 12° 1' 50" ( enankonusphuta ) is 
multiplied by the desantara, which is the difference in terrestrial 
longitudes of the given place and that of zero meridian 
expressed in minutes of arc. This is positive for the places 
lying on the west and negative for the places on the east of 
zero meridian. 

13-14. Multiply one fifth of 67 by the longitudinal difference, 
expressed in seconds of arc, between the given place 
and the place of zero meridian. Multiply the last 
quotient (mentioned above) by 431 and the first 
quotient by 7 and find their sum. This is positive. 
Multiply the quotient obtained by dividing the days 
by 3031 with 106 and add the result to 1448. This is 
negative. Divide 48364 by the (algebraic) sum of the 
(positive and negative) results obtained above. This 
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is the dhruva divisor which is positive or negative 
depending on the sign (of the denominator). 

In stanza 11, three divisors are given ( viz.) 12372, 3031 
and 248. The quotients obtained after dividing the days elapsed 
after the epoch by these divisors are used here as multipliers 
with positive sign for the first and the last and negative sign for 
the middle. The algebraic sum of these three results is the dhruva 
divisor with the sign of the resultant. For places on the east the 
sign is to be reversed. 

15. Add the dhruva of the Moon to the vakya (for the 
Moon) for the given day and apply the corrections due 
to the duration of the day and (also) of the dhruva. 
This gives the longitude of the Moon at the Sunrise 
(at the given place). Half of the difference between 
the vakyas for the previous and the following days (of 
the given day) is the (lunar) motion at the sunrise for 
the day. 

The Candravakya (lunar mnemonics) for any day is found 
by the method described in stanza 11 of this chapter. Suppose 
that the lunar mnemonics for any day is 24° 09' ( dhenavah srlh). 
The mnemonics for the previous day is 12° 03' (gfrnah sreyah) 

r 0 

and that for the following day is 1 06 22' (rudrastu namyah). 
The motion of the Moon for the given day is 

= [(l r 06° 22')-(12° 03')] /2 
= (24°19') /2 
= 12 deg. 9 min. 30 sec. 

If the vakya for the given day is 12° 03' (glrnah sreyah) the 
motion of the Moon for the day is calculated by finding half of 
the difference between the vakya for the next day, (viz.) 24° 09' 
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(dhenavah frfh) and that for the previous day, which is zero. 
Thus the motion is 

= (24° 09')/2 
= 12 deg. 4 min. 30 sec. 

If the vakya for the day is bhavet sukham (27° 44'), the last 
vakya, the previous one kaveh sakyam (15° 41') is to be 
subtracted from it to get the motion. The following vakya is not 
taken, as it is zero at the initial position. 

16. From the Candravakya (for any given day), subtract 
that for the previous day. This is the motion of the 
Moon at sunset (on the given day at the given place). 
Half of this is added to the sum of the vakya for the 
previous day and the dhruva (of the Moon). Apply the 
correction due to the duration of daytime and that due 
to the dhruva. The correction for one eighth (of the 
lunar motion) is then applied. This is the (longitude 
of the) Moon (at sunset). 

17. Convert the lunar motion into minutes of arc and 
subtract 722 from it. Divide the result by the divisor 
of the dhruva correction. This is positive or negative 
depending on the sign of the divisor. 

18. The difference between the lunar motions at the Sunset 
on any day and on the following day is (the correction) 
of one eighth of the lunar motion. This is greater than 
that for the following day. Otherwise it is negative. 

The magnitude and sign of the correction for one eighth 
of lunar motion is to be determined by the procedure explained 
here. This is required for the calculations given in stanza 16. 
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LONGITUDE OF THE TITHI & YOGA 

19. The longitude of the tithi is the longitude of the 
Moon from which the longitude of the Sun is 
subtracted. The longitude of the Moon to which the 
longitude of the Sun is added is the longitude of the 
yoga. 

This stanza gives the methods of obtaining the longitudes 
of the tithi and the yoga. The tithis and the yogas are explained 
under stanza 7 of Chapter II. 

QUARTERS OF NAK$ATRA & KARANAS 

20-21. 3° 20', 6° 40', 10° O', 13° 20', 16° 40', 20° O', 23°20', 
26° 40' and V 0° 0' are the nine ends of quarters of 
the asterisms in a rasi. Half of the tithi is the karana 
(with end points at 6, 12, 18, 24, 30 etc). 

Since a ra§i consists of two and a quarter asterisms, there 
are nine quarter* of asterisms contained in a raii. The elongation 
of each quarter is (30/9) deg., which is equal to 3° 20'. All the 
27 asterisms and the 11 Karanas are listed under stanza 6 of 
Chapter H. 

22. 13° 20' and 12° are multiplied by 1, 2, 3 etc. to get 
the longitudes of the end points of the asterisms and 
the tithis, beginning from Dasra (Asvini ) and pratipat 
respectively. Since each asterism is of 13° 20', the 
end points of Asvini, Bharani etc., are obtained by 
multiplying 13° 20' by 1, 2, etc. Similarly, since each 
tithi is of 12°, the longitudes of the end points of 
pratipat, dvitlya etc., are obtained by multiplying 12 
by 1, 2, etc. 

23. The corrections for the motion of the Sun for 
eight days, which are yajna etc., (+ 1 etc.) and ratna 
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etc. (-2 etc.), are appropriately applied to 60 (minutes) 
to get the motion of the Sun. This, when added to the 
motion of the Moon, gives the motion of the yoga and 
when subtracted from the motion of the Moon gives 
the motion of the tithi. 

The corrections to the Sun’s motion for the intervals of 8 days, 
in minutes of arc, are given under stanza 8 of this chapter. These 
corrections are positive from the 9th day of Tula ( yajfia ) etc.) 
till the last day of Kumbha and negative from the 1st day of 
Mina till the 8th day of Tula (ratna etc.). 

24. The motion (of a planet at any given day) is multiplied 
by the difference in days (between the given day and 
any other day) and subtracted from or added to the 
longitude (of the planet) depending on whether the 
day is earlier or later than the given day. For (planets 
having) retrograde motion, the correction is reverse. 

The angular position of a planet at an earlier time from 
any given time is obtained by subtracting the motion for the 
period from the angular position at the given time. For a later 
time, it is to be added. If the planet has retrograde motion 
relative to earth, during the period, the motion for the period 
is to be added for earlier time and subtracted for later time. 
The planets other than the Sun and the Moon may have 
retrograde motion. The Nodes, on the other hand, always have 
retrograde motion. 

25. The minutes of arc traversed and those to be traversed 
by the asterism, tithi and yoga divided by the 
(corresponding) extension in degree (give) the (time 
in) nadika elapsed and that to be elapsed (by the 
asterism, tithi and yoga respectively). 
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Let be the degree elapsed by an asterism, tithi or yoga. 
If s is the corresponding extension expressed in degree, then the 
time elapsed is 

= 60 (x/s) nadikas 

and 

the time to be elapsed is 

= 60 (5 - x) / s nadikas 

26. Half of (the degrees elapsed by) the asterism multiplied 
by nine (gives) the (time in) nadikas elapsed by the 
asterism. Half of (the degree elapsed by) the tithi 
multiplied by ten (gives) the time in nadikas 
elapsed by the tithi. The nadikas elapsed by the 
asterism multiplied by two and divided by nine 
(gives) the degrees elapsed by the asterism and the 
nadikas elapsed by the tithi divided by five (gives) 
the degrees (elapsed) in the tithi. 

Each asterism is of 13° 20' of arc, which corresponds to 
60 nadikas. Therefore 1 deg. corresponds to 

60/12 = 5 nadikas. 

Thus the degree elapsed by the asterism, when multiplied 
by 9 and divided by 2, gives the stellar nadika. 

The length of each tithi is of 12° which corresponds to 60 
nadikas. Therefore 1 deg. of a tithi corresponds to 60/12 = 5 
nadikas. Thus the degrees elapsed by the tithi, when multiplied 
by 10 and divided by 2, gives the tithi nadikas. 

MOTION OF SUN IN A RASl 

27. The minutes of arc to be traversed and those traversed 
in a rasi by the Sun are (separately) divided by (its) 
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own divisor. These are the nadikas of the rasi 
after and before sunrise. The nadikas to be elapsed 
and those elapsed are calculated similarly from the 
(longitude of) the Sun to which six rasis are added. 

Let s be the length in degree of a rasi at a place and x be 
the degrees traversed by the Sun in it. Then, the time elapsed in 
the rasi before sunrise is 

60 (x/s) nadikas. 

The time to be elapsed by the rati after sunrise is 
60 - jr)/s nadikas 

As the ascendant at the sunset is diametrically opposite to 
the Sun, the time elapsed and that to be elapsed before and after 
the sunset respectively, are obtained by doing similar calculations 
after adding six rasis ( i.e., 180 deg.) to the longitude of the Sun 
at sunset. 
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CHAPTER IV 

ON JYAS, ARCS AND OTHERS 


CIRCUMFERENCE OF A CIRCLE 

1. Multiply the square of the diameter of the circle by 
12 and extract the square root. With this as the first 
term, form a series thus. To get the odd terms, divide 
the first term continuously by 9, and twice the 
numbers 1, 3, 5 . . . added to 1. To get the even 
terms, divide the first term by 3 and continuously by 
9, and divide them by twice the numbers 2, 4 . . . 
minus 1. Subtract the sum of the even terms from the 
sum of the odd terms. The result is the circumference 
of the circle. 

If D is the diameter of the circle, then the circumference, 

Cis equal to J J + J • ] • O ne can observe that 

this is equivalent to the result: 

c=4Tid( i-i.I+1-L..-J 

(, 3 3 5 3- J 


= VlTV3 D 


( 


J_ i_ 1 


= 7t D 


n T 1 1 1 1 
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2. Square the diameter of the circle, multiply by 12 and 

extract the square root. With this as the first term, 
develop the series thus: Divide this continuously by 3, 
and divide by 1,3, 5,7,9, 11,... and form the terms. 
Add the odd terms and the even terms. Subtract the 
sum of the even terms from the sum of the odd terms. 
The result is the circumference of the circle. When this 
is done, the circumference of the big circle with the 
diameter equal to 10” units is bhadrambudhisiddha- 
janma-ganita-sraddhasma-yad bhupagih (by 
assignment of Katapayadi numerals). 

The series is the same as that in the first. The 
circumference of a circle with 10” as diameter is given by 314 
15926 5358 979324. 

Thus this value of it is approximately 
3.14159265358979324. 

It is well known that the series called Leibnitz’s power 
series for tan 'x and the Gregory’s series for 7t were known to 
the Kerala mathematicians of the medieval period. From the 
works on Astronomy written in Kerala, it is known that Madhava 
of Sangamagrama (14 th Century A.D.) discovered them. The 
usual series for — as given by Leibnitz is this: 

It 1 1 

— = 1 -- + - ... 

4 3 5 

A proof of this occurs in Yuktibhasa and has been studied 
by many. But a variant of this series is found in the above 
stanza. But there is also the series, 

sR sR s 2 sR s A 

The arc =-sand cbeing R 

c 3c c 5c c 

sine and R cosine respectively. (See stanza 10 supra). 
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These have been studied by C.T. Rajagopal, 
T.V. Vedamurthi Iyer, K.Mukunda Marar, M.S. Rangachari 
and others. 1 

Different authors here give approximation for 7t. 
NUakantha Somayajin gives the following approximation 

for : 

it = 3.141592653 

Karanapaddhati (V.4) gives the following 
n: 3.1415926536 

The value given in v. 2 above in Sadratnamala is a better 
approximation. 


MEASURE OF LARGE ARCS 

3. Divide a quadrant of the zodiacal circle into several equal 
parts. Then every large arc is obtained by adding the 
corresponding piece of arc to the previous large arc. 



Figure 4.1 

Let O be the centre of the circle. AB is an arc such that 
ZAOB = 90°. Divide the arc AB into the sub-arcs, ( A Q A , ), 
{AA,), {A, AA, ... [A A = A , B\. The arcs are called 

l 1 z n-1 n n-i 

capakhandas (pieces of arc). 
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The arcs AA X , AA 2 , . .. , AA n are called mahacapas. It is 
asserted that every mahacapa = the corresponding capakhanda 
+ the previous mahacapa. In the figure AA. = AA._ } + A_ ( A. for 
i=l, 2, . . . , n. 

It is conventional to divide the arc in the quadrant into 24 

equal parts of 3° 45' each. Aryabhata (Gltika, 7), Varahamihira 

( Pahcasiddhantika IV. 1), the author of Suryasiddhanta (1.59) 

and many others do this way. But the radius of the circle is 

taken to be 120 by Varahamihira. Aryabhata takes the radius 

180 

to be 3438' which is equal to — * 60 approximately. Significant 
improvements were made by Madhava of Sangamagrama who 
took the radius to be 3437' 44" 48'" and Vatesvara who divided 
the arc into 96 parts of 56' 15" each. 

FINDING JYA AND ARC 

4. Multiply the minutes of the circle (21,600) by 10 17 and 
divide by the circumference. Then we get the diameter. 
Half of this is called trijya or radius. The jya of a rasi 
(30°) is equal to half the radius. 

. 7 21,600 21,600 

Diameter =10 x nr - 

7txl0 17 n 

21,600 

Radius = -= 3438 

27t 

This is called trijya. 

It is necessary to explain the concept of jya now. 
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Figure 4.2 

Let AB be the arc of a circle with centre at O and 
radius R. Let AC be an arc of length a with ZAOC= 0. Draw 
CL perpendicular to OA. Then CL is called bhujajya of the 
arc AC and OL kotijya of the arc AC. AL is called isu or bana. 
If the length of the arc AC is a, then we can write 

bhujajya a or jya a = R sin 0 and 
kotijya a = R cos 0, 

If 0 is in radians, then a = RQ. If 
180 0 

R = 3438'S-x60, a = R6 = — x 180x60 

n n 

Thus the arc a is only the angle in radians converted 
into minutes. The terms bhujajya or R sine, kotijya or R cosine 
are used in this translation without difference. 

(arc) 2 (arc) 3 (arc) 4 

5. Find the terms 2 r * 2 3R ’2 3 4 R’ etc -» ^ being 
the radius of the circle. Subtract the even terms 
continuously from the arc. The result is bhujajya. 
The kotijya is obtained by subtracting the odd 
terms from R. 

If a is the arc we get 
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bhujajya of a — a — 



kotijya of a = R -1-: 

2 \R 4!R 


The subtraction defined requires some explanation. If a, 
b, c are three numbers a - b is obtained first. Then b - c is 
found and a - (b - c) is found ; a - (b - c) = a - b + c. Thus the 
terms are alternatively positive and negative. 

These results are due to Madhava of Sangamagrama and 
given in Tantrasangraha ( p. 120), Karanapaddhati (VI. 10.13) 
and Yuktibhasa (pp. 91 -9). A proof can be found in Yuktibhasa 
(pp. 160-94). The method uses the concept of saiikalita, which 
can be considered as integration. The results are identical with 
the infinite series for sine and cosine obtained by Isaac Newton, 
in the west. 


6 . The square root of the difference between the square 

of the radius and the square of the bhujajya is kotijya. 
By subtracting this from R, small bana is obtained 
and by adding R to kotijya, large bana is obtained. 
The product of the two banas is bhujajya squared. 
The assertion is 


V/? 2 - R 2 sin 2 0 = R cos 0 

Now, 

Large bana = R+ R cos 0 
Small bana = R - R cos 0 
The product of the banas 
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= (R + R cos Q) (R- R cos 0) 

= R 2 — R 2 cos 2 0 = (/? sin 0) 2 
The result can be explained geometrically thus. 



Figure 4.3 

Consider a semicircle with extremities A and B. Let O 
be the mid point of AS and R be the radius. 

Let Pbe a point on the semi circle such that ZAOP= 0 

Then R sin0 = PM and R cos0 = OM 

Large bana = R + R cosO = BM and 

Small bana - R - R cos© = MA 

Then large bana x small bana. 

= BM . MA = PM 2 = [R sin0 )\ 

which is a geometrical result. 

7. To find the bhujajya of the sum or difference of arcs, 
multiply the bhujajya of the first by the kotijya of the 
second and then multiply the kotijya of the first by 
the bhujajya of the second. Add the two products so 
formed or subtract the second from the first according 
as bhujajya of the sum or difference is required, and 
divide by the radius. 

Let the arcs be equal to a and b respectively. Then the 

. , . . , R 2 sinacosb±R 2 cosasinb 

above rule gives r sin(a ± b) = -- - -. 

R 
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This is equivalent to the result sin(a ± b) = sin a cos b ± 
cos a sin b. 

The rule given in the stanza is called jiveparasparanyaya 
and a proof is found in Yuktibhasa (pp. 91-9). 

8 . The utkramajyas are obtained by subtracting the 
first jya from R, the second jya from R etc. and 
so on at equal intervals and writing them in the 
reverse order. 

The term utkramajya stands for bana or isu or R versed 
sine. In other words utkramajya a = R[ 1 - cosa). The above 
rule states that 

^(1 - cosa) = J?[l- sin(90° - «)]. 

The utkramajya for 3° 45' = R - R sin 86°15' = 3438' - 
3431' = 7'. 

9. Astronomers know that the diameter of the circle is 
obtained by adding to bana, the quantity got by 
dividing the square of the bhujajya by bana. 



Figure 4.4 

The picture of a bow or capa, chord called guna, jlva or 
jya and arrow called bana or isu is shown here. 
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Let arc AM = a so that Z AOM = a. Let OA =R. 

Then AL = R sin a. This is called jyardha in the text, 
because the jya is actually AB for the arc AMB. Considering 
the large barn, we get 


bana + 


(bhujajya) 2 

bana 


= /?(! + cos a) + 


R 2 sin 2 a 
/?(l + cos a) 


„„ 2 4R 2 sin 2 all cos 2 all 

= 2/?cos a/2+ - z - 

2 R cos a/2 

= 2/?(cos 2 a/2 + sin 2 a/2) = 2R = the diameter of the 

circle. 

The result can be proved, using the small bana also. 

10. The arc corresponding to a given bhujajya is 
obtained thus. Multiply the radius by bhujajya and 
divide by kotijya. This is the first result. Multiply this 
by the square of the bhujajya and divide by the 
square of the kotijya. Repeat the process and 
divide the results by 1, 3, 5, ... . Subtract the sum 
of the even results from the sum of the odd results. 

If 6 is the angle subtended by the arc in radians, the length 
of the arc R& is the angle expressed in minutes.Thus we get 

. KsinO 1 R 2 sin 3 0 

R& =R -. R— -— + ... 

R cos 0 3 r 2 cos 3 0 

= /Jtan0--/?tan 3 0+... 

3 
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By the earlier observations, /20 is the angle in minutes. 

Thus 


. tan 3 0 tan 5 0 
' = tan 0-+-+... 


if 0 is in radians. This is the well known series attributed to 
Gregory in the west. 


11. When the arc is small, find the bhujajya by 
subtracting from it the cube of the arc divided by 
six times the square of the radius. For getting the 
arc from the bhujajya , add to it the cube of the 
bhujajya divided by 6 times the square of the 
radius. This process can be carried on more than 
once. 

R^Q 3 a 3 

We get sin0 = 7?9- ——- = a- —y where a is small by 

6 R 6 R 

applying the rule in verse 5 above omitting further terms since 
the arc is small. 


Also a = R0 


- R sin 0 + 


R 3 sin 3 0 
6 R 2 


This is the first approximation. This value of RQ can be 
substituted in the equation 


n3p 3 

i?0 = sin 0 + -——z- 
6 R 2 


and a better approximation can be obtained. The method can be 
applied successively. If the approximation is to be correct up to 


minutes 


M<i 

5!* 4 2 


(by the principle of rounding off) 
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i.e. /?0<f-5!i? 4 ] 5 =(60/? 4 ) i =1530' = 25°30' 
for the choice R = 3438' 

Thus the approximation can be used up to 25°30' 
If it needs to be correct up to seconds, we get 



60 s 

= 11° 14' 

For the same choice of R, the formula can be used up to 
arc of this length to get accuracy up to seconds. 


12. Multiply by 1, 2, etc. the square of trijya, and 
divide by 10. Extract the cube root and subtract 
1, 2, . . . seconds. Then jyas corresponding to the 
arcs diminished by these are obtained. 

We have, for any x in radians, Rx is in minutes of angle 

_ . _ R 3 x 3 

K sin x = Rx — approximately. 

If Rx — R sin.tr = 1", then 

1 

60 ” 6 R 2 


Therefore, i? 3 x 3 


6R 2 _ R 2 
60 “ 10 


Extracting cube roots on either side, 



ON JYAS, arcs and others 


55 


Rx = \ 


R 2 x 1 
10 


Then, R sin* = 



-1 


In this way one can calculate the jyas. These are called 
gudhamenakadijyas. 


They are 

gudhamenaka 
pujyo gahgeyah 
candrasrlmayah 
stambhasthitikrt 
gudhohnidlpah 


105' - 43" 

133' - 11" 

152' - 26" 

167' - 46" 

180'-43" etc. 


When the arc * is small R sin* is almost equal to Rx in 
minutes. But more accuracy is achieved in the method given 
above. Thus gudhamenaka or 105' 43" is the jya of the arc 
105' 44". In the next jya the difference is 2". Thus pujyo 
gaiigeyah or 133' 11" is the jya of 133' 13". In the next, the 
difference is 3". Consequently candrasrlmayah or 152' 26" is 
jya for 152' 29". The 7A lh jyais tilahgho nilah. This represents 
306' 36" and is the jya of 306' 36" + 24" = 307'. 

It is to be noted that even four figure tables give the values 
of trigonometrical ratios only up to 6' and with differences up to 
1'. But greater accuracy is achieved in the method given in the 
stanza. Moreover gudhamenakadi vakyas can be used to those, 
which differ by a few minutes. 


KENDRA AND PADA (QUADRANT) DEFINED 

13. The mean longitude, the true longitude itself or the 
true longitudes increased by three rasis, six rasis. 
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ayanamsa etc., are called kendra when mandocca, 
Slghrocca, pata etc. are subtracted. At times, half the 
quantities are considered. 

Kendra is a general term. When the mandocca is subtracted 
from the mean longitude, mandakendra is obtained. When 
Sighrocca is subtracted from mean longitude it is called 
sighrakendra and so on. The terms l adi ’ is to show that the 
term is used in general context. 

14. The six rasis from Mesa are called Mesadi or northern 
and the six ra&is from Tula are called Tuladi or 
southern. The jya for the kendra has to be subtracted 
if it is Tuladi and added if it is Mesadi. Sometimes, 
these have to be reversed. 

Let x be the Kendra, i.e. the mean longitude, true longitude 
or the quantity after subtracting mandocca, slghrocca etc. If 
0 < x < 180°, it is called Mesadi and if 180° < x < 360°, it is 
called Tuladi. For example, if m = 200° 4' is the mean longitude 
of the moon and the mandocca is 80° 2' the mandakendra = 
200° 4' - 80° 2' = 120° 2'. 

This is Mesadi and therefore the mandaphala has to be 
subtracted. 

15. The arc from 0° to 90° is called odd (oja), that from 
90° to 180° is called even (yugma), that from 180° to 
270° is called odd (oja) and that from 270° to 360° is 
called even. In an arc of 90°, the initial part is called 
bhuja and its complement is called koti. In the first 
quadrant the arc is called bhuja and in the second, 
koti, in the third bhuja and in fourth, koti. 
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In Indian Mathematics the R sine or R cosine is found, 
reducing the arc to the first quadrant. The sign is decided 
according to the context. Since sine is positive in the first 
two quadrants and negative in remaining quadrants, the first is 
called Mesadi and the second TulSdi. In the case of R cosine, 
it is positive in the 1st and 4th quadrants and negative in 
the remaining. So Makaradi and Karkyadi are introduced. 
If 90° < x < 270°, it is called Karkyadi and if 270° < x < 360°, 
it is called Makaradi. 

16. When the kendra does not exceed 90°, its jya can 
be known (from theyya-table). When it lies between 
90° and 180°, subtract from 180° and find the jya. 
When it lies between 180° and 270°, subtract 180° 
and find the jya. When it lies between 270° and 
360°, subtract from 360° and find the jya. 

The method of finding R sine is given above. The method 
is to reduce it to the first quadrant, find the jya , and assign the 
positive or negative according as it is Tuladi (Mesadi ) or Mesadi 
( Tuiadi ). It simply uses the fact that 
sin(l 80° - 9) = sin 0, sin( 1 80° + 0) = -sin 0 and sin (360° - 0) = — sin0. 

Kotiphala is positive if Makaradi and negative if Karkyadi. 

FINDING THE BHUJAJYA OF AN ARC AND 
THE ARC OF A GIVEN BHUJAJYA 

17. To find the bhujajya of an arc, find from the table of 
jyas the arc near the given arc, greater or less. Find the 
difference of the two, divide by the diameter, multiply 
by 2 and kotijya. Then add this to the bhujajya of the 
near arc or subtract from it according as it is less than 
or greater than the given arc. 
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We have sin(0 + A) = sin0 cosA + cos0 sinA 
= sin0 + cos0.A, 

if 0 and A are in radians and A is small. 

Then , i?sin(0 + A) = i?sin0 + (7fcos0)A 

= fisina+ ( * COs9)W 
R 

2 R 

„ This is the rule given in the stanza. Since R = 3438' = 
180 ° 

the effect of multiplying by R is to convert radians to 
minutes. 

18. Find the sum of the kofijyas of the arcs and divide by 
the difference of the neighbouring bhujajyas 
(samTpatajjyayoh) . Divide 2 R by this quantity to 
get the difference of arcs. 

Let 0, and 0 + A be the lengths of the arcs corresponding 
to neighbouring bhujajyas. We get: 

f?[cos(0 + h) + cos 0] 

/?[sin(0 + h) - sin 0] 

2cos( 0 + y£)cos y^] 

2 cos( 0 + y^) sin h / 2 

J_ 

h / , (if A is in radians and is small), 

/2 

2 _ 
h 
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2 R 

Then, -y- = Rh is the angle in minutes. 

T 

MAXIMUM DECLINATION 

19. The enlightened say that the bhujajya of the maximum 
declination is given by that of 24°. From practical 
experience it is observed that it undergoes a reduction 
by 32'. 

The declination of the Sun is maximum when it is equal to 
the obliquity, which is approximately equal to 24°. A more 
accurate value is 23° 28' which leads to a value of obliquity less 
by 32'. 


FINDING THE JYA OF ANY DECLINATION 

20. The maximum declination multiplied by the bhujajya 
of the sayana longitude (of the sun) and divided by R 
gives kranti or declination. The kotijya of the 
declination is dyujya and when it is subtracted from 
R, the apamabana is obtained. 


s 



Figure 4.5 
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S is the position of the Sun on the ecliptic, SD the 
declination circle, D being the foot of the declination circle on 
the equator y D. SD = the declination of the Sun = 8. Let 
yS = £ = the longitude ( say ana ) of the Sun, ZS(D = to, the 
obliquity. We get 


sin SB sin 8 

sin co -=- 

sinyS sinf 

Therefore sinS = since sin £. In the rule given, 8 and co 
are treated as small quantities. Consequently, 


8 = co x sin £ 


= cox 


.ft sin l ^ 

—R~) 


= (/?sinf)x — 
R 


In the auto commentary it is mentioned that krantijya is 
obtained by multiplying the jya of the sayana longitude by 5593 
(gajamarma) and dividing by 13751 ( krsnasallapa ). Then 


- - . , 5593 

8 = R x sm « x- 

13751 

We have sin8 = sin £ x sinco.The result is more accurate, if co 
= 23° 28' and R= 3438', we get : 


co 23°18' _ 1408 _ 5632 , 5593 
R 3438' 3438 _ 13752 " 13751 


prAisakalAntara 

21. Find the product of the bhujajya, kotijya of the sayana 
longitude of the Sun, and the maximum apamabana. 
Divide by R and dyujya. The result is pranakalantara. 
It is positive in the even quadrants and negative in the 
odd quadrants. 
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pranakalantra = |Right Ascension - longitude| 


S 



Figure 4.6 

Let S be the position of the Sun on the ecliptic, SD the 
declination circle, D being the foot of the declination circle on 
the equator y D. 

Let the longitude = y S = £ , 

Right Ascension = (X = y D, 

obliquity = ZSyD = eo. 

We get 


sin8 

sintn - t and therefore, 
sin^ 


tan 8 

tan© =- 

sin a 


tanS sinScosco smScoso . , 

sin a = - = - = - sin£ 

tan a cos 8 sin co cos 8 sin 8 


cos©sinl 


cos5 
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Also 


cos£ 

cos a =- 

cos8 

Therefore, 

sin(^-a) = sin^cosa - cos^sina 

sin l cos £ cos £ cos cosing 

cos8 cos8 

sin I? cos ^(1-cos co) 
cos8 


or, 


Rsin (£-a)~ 


R sin £ cos £(1 - cos co) 
cosd 


(R sin l)(R cos £)R( 1 - cos co) 
R.R. cos£> 


This is the rule given in the stanza. Since the angle is 
small it is taken as pranakalantara instead of pranakalantarajya. 

The correction has to be made in the longitude to get the 
Right Ascension. Thus it is negative in the odd quadrants and 
positive in the even quadrants. One can easily verify that 
when 0<^<90° ,8 > 0,sinf? > 0,cos£ > 0 ■ Thus £-a>0 and 
£ > a . The correction is negative. In the second quadrant, 
sint? > 0,cos£ < O,cos 8>0,^-a<0and the correction is 
positive. In the auto commentary the value of i?(l-cosco)is 
given as gopasindhuram i.e. 297' 13". 
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CONSTRUCTION OF FIELDS 

22. A triangle and a quadrilateral can be constructed using 
one hypotenuse or two diagonals as the case may be. 
A circle can be constructed with karkatayantra, and 
also with the help of a string attached to a point. All 
these things are to be done on plain ground resembling 
the area filled with still water. 

It is said in the commentary that one gets a lambasutra by 
attaching a string to material made of copper or stone firmly to 

3 

the earth . 

Sanku and the determination of 

THE NORTH-SOUTH LINE 

23. The saiiku consists of a heavy cylindrical rod of base 
diameter 2 ahgulas and height 12 angulas. A needle of 
12 angulas is to be fixed at the centre of the top and 
with this, its height is equal to one hasta or 24 angulas. 

Saiiku is a stylus (gnomon) that is planted on the level 
ground and it is of fundamental importance in astronomy. In 
the auto commentary it is said that it can be made of bull’s 
horn, ivory etc. Description of the saiiku varies from text to 
text though every one agrees that a rod should be vertically 
planted. 

2 4. Note the points at which the tip of the shadow of the saiiku 
meets the circumference of the circle before and after 
noon. This gives (on joining) the east-west line. Draw 
the circles with these as centres. The line joining the 
points of intersection is the North-South line. 
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After fixing the gnomon, the procedure for fixing the 
directions is given above. 

a yanAmSa 

25. Divide the Kali year by 615. This gives rasi etc. Find 
the bhujajya of the declination corresponding to this 
and then the arc. This gives ayanamsa with the 
appropriate sign, in Parahita system. 

We can consider the Kali year 2460. Dividing by 615, 
we get 4 rash, which is equal to 120°. The bhuja is 60°. The 
sign is negative, being Mesadi and 

ayanamsa = sin 1 (sin 60° sin 24°) = 20° 59'. 


26. Divide the Kali year by 600. This gives the rasi etc., 
of ayanamsa in Drk. For the first 600 years it is 10°, 
for 1200 years it is 18° and for 1800 years, it is 27°. 

According to the modern theory, the first point of Aries 
moves westwards at the rate of about 50.2" per annum 
completing one revolution in 21,600 years. But Suryasiddhanta 
(III. 10-11a) gives a theory of libration according to which the 
first point of Aries oscillates about the point Mesadi (the sidereal 
first point of the ecliptic), in 5400 years. A similar theory is 
followed in the text. This topic is discussed in detail in the 
book Muddle of Ayanamsa? 

palAngula 

27. The palabha is the length of the shadow at noon on the 
day when the sayana Sun is at the end of the zodiac, in 
afigulas and vyafigulas. At Lokamalayarkavu it is 
2-28 (harisrfh). 
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The length of the shadow of the fariku at midday on the 
day when the sayana Sun is at the end of the zodiac (the 
equinoctial day) expressed in angulas and vyangulas is called 
iahkucchaya or palabha. At the place concerned 
(Lokamalayarkavu) it is harisrih or 2 ahgulas and 28 vyaiigu/as. 
(1 aiigula = 60 vyangulas). 

If <p is the latitude of the place and h, the height of the 
£ariku, then 

palabha = h tan 9 

2 fl 28 v 148 

If Atancp = 12 tan(p = 2" 28 r , then tancp =-=-= 0.2006 

12 720 

Therefore, the latitude of Lokamalayarkavu cp = 11° 20', 


The auto-commentary gives the palahgula for various 
places. The values are given below: 


Place 

palahgula 

Equivalent 

latitude 

Modern 
figure for 
this 

latitude 

Place of latitude 0 

0 

0 

0 

Near Thiruvananthapuram 

si vaya 
(1° 45') 

CO 

i-H 

O 

OO 

8° 31' 

Near Kollam 



8° 31' 

Thiruvalla 

agnindra 
( 2“ 0”) 

9° TV 

9° 20' 

Kotungallur 

dhanendra 

(2" 9") 

9° 39' 

in 

o 

© 

o 

Peruvanam 

rajya&rl 
(2“ 12”) 

10° 23' 
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Place 

palahgula 

Equivalent 

latitude 

Modern 
figure for 
this 

latitude 

Sivapuram (Trichur) 

Gopura 
(2° 13") 

10 ° 28' 

o 

o 

U) 

o 

Alathur 

duskara 
( 2 a 18") 

o 

O 

o 

o 

LA 

LA 

Kozhikode 

srfrudra 

( 2 " 22 ") 

11° 9' 

11° 15' 

North Kollam 

murari 
(2“ 25") 

11° 23' 



The auto-commentary refers to the Tropic of Cancer where 
the shadow never goes to the South and Arctic Circle at which 
the day lasts for 60 nadikas when it is maximum. 


AKSA AND LAMBA 

28. The square root of the sum of the squares of sahku 
and palabha is sahkukarna. Dividing by it 41253, 
(gunaramyabha), lambaka is obtained. Aksajya is 
obtained by multiplying palabha by trijya and dividing 
by sahkukarna. 


lambaka 


aksajya 


— -y/144 + 144 tan 2 9 

= 12 sectp 


41253 

Rxl2 

12 seccp 

12 sectp 

palabha 

x 12 


Rcos tp 


hatikukama 
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12 tan cpx R 
~ 12sec<p 

= R sin cp 


COMPUTATION OF CARA AND OTHERS 

29. Multiply aksajya by trijya and divide by lambajya. 
The result is called svadesa gunakaraka. When the 
square of trijya is divided by lambajya, svadesaharaka 
is obtained. Find the bhujajya and kotijya of 
the declination of the planet. Then carajya is obtained 
by multiplying gunakaraka by bhujajya of 
the declination and dividing by kotijya of the 
declination. 



where 5 is the declination. 

1 

30. When palabha is multiplied by ~ of krantijya, bhujya 
is obtained. When this is multiplied by trijya 
and divided by dyujya, carajya is obtained. Its arc is 
called caraprana. 
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Another method of finding carajya and cara is given. By 
the rule. 


bhujyS 

= palabhS x — x R sin 6 

12 

= 12tantp x — x sin8 

12 


= R tan <p sin8 

carajya 

R tamp sinSx r 
dyujyS 


R tan <p sinSx/? 

= ---= 7? tan cp tan 5 

/?cos8 


Carajya gives the ascensional difference at the time of 
rising or setting. 


Z 



Figure 4.7 


Let T be a point at rising in the diurnal path, a small 
circle parallel to the equator. Let the declination circle PE meet 
the small circle at L. Z.LPT = cara. From A PZT, 
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cos ZT= cos PZ cos PT + sin PZ sin PTcos Z.ZPT 

i.e. 0 = cos(90°-cp) cos(90°-8) + 

sin (90°-<p ) sin(90°-8) cos Z.ZPT 

i.e. cos ZZPT = -tan 9 tanS 

i.e. ZLPT - ZPT -90°= sin' 1 (tan<p tanS) 

carajya = R tan 9 tan8 

This is positive if 8 is positive and negative if 8 is negative. 
In other words, if the sayana longitude of the Sun is Mesadi, it 
is negative and if it is Tuladi it is positive. 


COMPUTATION OF LAMBAJYA 

31. Multiply the palabhakarna by R 2 , divide by trijya 
and subtract the result from the result divided 
by dyujya. Divide it by 48. The result is harajya. 

palangulakarna = -Jh 2 +h 2 tan 2 <p 

= h sec cp , 

where h is the height of dariku. 


harajya 


48 


R 2 h 

R cos 8 cos 9 


R 2 h 
R cos<p 


Taking 


Rh 1 - cos 8 
— 48 L cos 8 cos <p 

h = 12, we get 
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R 1 - cos 8 

harajya - ^ cos g CQS ^ 

7?(1 - cos 8) 

Normally harajya is defined as i and in the 

J JJ cos 5 cos (p 

computation of solar eclipses, !4 of this is required. Hence the 

definition of the author. However both the methods were in use 

vide : Karanapaddhati (VIII 24): 

trijya vargenahata daksakarna d 

dyujyabhaktas trijyakabhaktahinah \ 
manyadijyah sambhrtaks ’etradese 
devaptasta harajiva inadyah || 


In other words 

Rh( 1 - cos 8) 
harajya - COS( p COS g 

It is also said that manyadijyas are obtained by taking 
aksajya as 647. (This is true for Alathur) and inadijyas are 
obtained dividing it by 48. In general, both the definitions are 
used. 


COMPUTATION OF LAMBANAJYA 

32. Multiply the lambajya by 1326 ( candralaya) and divide 
by trijya. This is called caramaphala. Find the square 
of this add it to the square of trijya. Subtract from it 
twice the product of caramaphala and the kotijya (of 
the arc concerned). Find the root of this and divide 
by trijya multiplied by bhujajya of the arc. The result 
is called grahalambanajya. 
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Let £ be the longitude of the planet. 

1326 . fccos l 


caramaphala 

Find 

lambanajya 


R 


= c (say) 


4¥ + c 2 -2i?cos £.c 

VF + c 2 - 2cR cos ( 
R 2 sin l 


CHAY AT AH PCRVAPARA REKHA 

3 3. Multiply the bhujajya of the sayana Sun with appropriate 
sign (depending on whether it is Mesadi or Tuladi ) by 
the bhujajya of maximum declination and the 
hypotenuse of the shadow and divide by lambaka. 
Divide the result by trijya. Add to this or subtract from 
this palabha as the case may be. This is called bhabhuja. 
Draw a circle with the shadow as diameter and mark a 
distance equal to bhabhuja from the tip of the shadow 
on the circle. Join the point of intersection to the base 
of the sanku. It is the East - West line. 


It is to be observed that the palabha is to be taken as 
positive or negative according as the longitude of the sayana 
Sun is Tuladi or Mesadi. The shadow will be towards the north 
or south according as the longitude of the sayana Sun is Tuladi 
or Mesadi. The 


bhabhuja = 


± h tan <p + 


i?sin £7? sin to -Jh 


2 +s 2 


R.R cos cp 


where £ is the sayana Sun, <p is the latitude of the place and co 
is the maximum declination, h is the height of the sanku and 5 is 
the length of the shadow. 
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z 



Figure 4.8 



Figure 4.9 

Let the Sun rise at S and move to T in a small circle 
parallel to the equator during diurnal motion. Draw TM 
perpendicular to the plane of the horizon. Draw a line through 
A/parallel to the North-South line. Let the line through T parallel 
to QR meet the above line at U. Let OK be the gnomon and OL 
the shadow. Draw PJ perpendicular to the line OW. Let EO 
meet MU at V. For convenience the gnomon and the shadow 
have been shown in a separate diagram (Fig. 4.9). 
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We need the value of MV which is the R sine of the 
angle made by OM with the East-West line. We have from 
A SsP ', (P being the point diametrically opposite to P in 


Fig. 4.8). 

cos P S = 

cos P s .cos Ss 

i.e. sin 8 = 

cos cp cos Ss 

i.e. cos Ss = 

sin 8 sec <p 

Consequently, 

UV = 

R sin (90° - &) 

= 

R cos Ss 

= 

R sin 8 sec (p 


.Rsinf sin co 


cos cp 

We shall find MC/now. 

A TMU HI 

A OJP. 


Therefore, 


TM _ MU 
OJ JP 


We get, 


Also, 


MU = TM 


JP 

OJ 


= TM Rsm9 = TM tancp 
.Rcoscp 


A TMO HI A KOL 


( 2 ) 
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Therefore, 


TM 

OT 

KO 

KL 


KO.OT 

TM 

— - 


KL 


h.R 


Va 2 + s 2 


where OK= h, and OL = s. Substituting in (2), we get 


(3), 


MU = 


hR tan cp 
Va 2 + s 2 


(4) 


Let LI be the perpendicular to the East-West line. Let a 
be the altitude of the Sun. Then 

LI = OL sin LOI 

= KL cos a sin Z.LOI 

Also 


MV= OM sin ALOI 


since /.MOV = /LOI. Therefore 


LI _ KL cos a sin /LOI 
MV OT cos a sin /LOI 


yjh 2 +S 2 

R 


Therefore, 


LI = MV . 


it. 


= (MU + UV ) 


Va 2 + s 2 


= h tan cp + 


si n £ sin co 
cos (p 


I 


,2 , 2 

h + s 
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= h tan <p + 


R sin f R sin co 
R.R cos (p 


-s lh 2 + s 2 


If the palabha is negative we get 


MV - - h tan 9 


R sin (. R sin to n 7 

+ -Vfc + s z 

R.R cos <p 


(5) 


deSantarasamskara 

34. The prime meridian is the line drawn from the earth’s 
equator, northwards and southwards passing through 
Lanka, Ramesvaram, Ujjain! and Meru. The desantara 
karma is done with respect to this, and it is positive on 
the west and negative on the east. 

The purpose of desantara correction is to know the 
difference in the times due to longitudinal difference. If the 
planetary position at lunrise at Lanka is known, the sunrise 
takes place earlier at a place with eastern longitude and the 
corresponding quantity has to be subtracted from the longitude 
at Lanka. Thus the correction is negative. 

35. The circumference of the parallel of latitude through 
the place is equal to circumference of the equator 
which is equal to 3299 (dhurdhuraga) yojanas 
multiplied by lambajya and divided by trijya. Find the 
distance eastwards or westwards of the place concerned 
from the prime meridian, multiply by 60 nadikas and 
divide by the circumference of the parallel of latitude 
to get the quantity of desantara samskara. 

If the eastern longitude is l , then the correction required 

t 

is — hours. In the Indian method, the longitudinal difference 
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from the prime meridian is not expressed as an angle but as the 
distance in yojanas. When this is divided by the circumference 
of the equator, the angle is obtained. 

The circumference of the parallel of latitude 

3299 x lambajyS _ 3299 x R cos <p 
R R 

= 3299 x costp , 


as required. 

36. By observing the Sun at eclipse, the position of which 
is calculated with the computation of eclipses (vv. 21- 
32) and for which the longitudinal correction is effected 
and by knowing that the time is less, it follows that 
the place is on the west of prime meridian. If it is more, 
it follows that the place is on the east. 

The position is calculated from the zero position, that is 
Lanka. If the place concerned is on the east, it should happen 
earlier. But the observation shows that the Lanka time calculated 
is more than the time of observation. This fact is emphasized 
here. 


THE DURATION OF RASlS AT A GIVEN PLACE 

37. Correct the say ana longitude of the Sun with cara and 
pranakalantara. Then, subtract from the longitude 
corresponding to the end of every rasi that of the 
previous rasi. Convert it into degrees etc. divide by 6 
and get in nadikas. The conversion also can be done 
using the fact that 1 rasi = 1800 asus. Then the 
durations of rasis are obtained. 


^mjcLaj-Ujtll€ixlL 



ON JYAS, arcs and others 


77 


A point of the ecliptic on the horizon is said to rise. 
More precisely the ascending point is defined as the point of 
intersection of the ecliptic and the eastern horizon. To find 
the longitude of this point, the duration of each rasi, i.e. the 
interval between the rising of the first point and last point of 
the rasi is found out. The longitude of the first point of Mesa 
is 0° and that of the last point is 30°. The interval between 
the risings of these two is called the ra&ipramana of Mesa. 
Similarly the interval between the risings of the points of the 
ecliptic corresponding to 30° and 60° is the pramana for 
Vrsabha and so on. The durations of these in Lanka are 
determined first. Since the rasi is measured along the ecliptic 
and time along the equator, |Right Ascension - longitude| is 
determined. This is called Pranakalantara. This is additive 
or subtractive according as the longitude is in the even quadrant 
or odd quadrant. 

Thus we get the rasi pramanas for Lanka. For a desired 
place of latitude <p , the cara has to be added or subtracted as the 
case may be. sin (cara) = tan 9 fan 8. This is negative or positive 
according as the longitude is in 0° - 180° or 180° - 360°. 

Thus we get the rasimana for each rasi. In the above stanza 
the method of getting say ana rasimanas is given. The nirayana 
rasimanas change continuously because of the precession of the 
Equinoxes. One can use sayana rasimanas and later subtract 
ayanamsa to get the nirayana longitude of lagna. 

DURATIONS OF DAY AND NIGHT 

38. Find the sayana longitude of the Sun and find the cara. 
Divide it by 180°. Add it to 30 nadikas if it is Mesadi 
and if it is Tuladi, subtract from it. The result is the 
duration of the day. By subtracting it from 60 nadikas, 
the duration of night is obtained. 
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The east hour angle of the Sun, Hat the time of rising 
= cos _1 (-tan <p tan5) = 90° + sin' 1 (tan cp tan8) 

= 90° + cara 

Duration in nadikas, when cara is expressed in minutes. 

2(90°) 2 (cara) 

6 360° 


= 30 nadikas H- 

180 

Cara is positive, when 5 is positive (in the modern sense) 
i.e. when the longitude lies between 0 and 180°, or Mesadi and 
negative when it lies between 180° and 360° or Tuladi. Cara is 
generally defined to be negative for Mesadi and positive for 
Tuladi. Here that principle is reversed. To get kalalagna from 
the Right Ascension of the sun, cara is subtracted, if it is Mesadi 
because rising takes place below the 6 O’ clock circle and 
similarly for the other case. The important thing here is that 
Mesadi or Tuladi indicate opposite signs, but the actual sign 
depends on the context. 

COMPUTATION OF THE ASCENDANT 

39,40 To the sayana longitude of the Sun corrected with 
cara and pranakalantara add six times the nadikas 
elapsed, after sunrise. This is called kalalagna. Find 
the cara and pranakalantara for the kalalagna and 
correct with the opposite signs. For this find the cara 
and pranakalantara in the usual way and correct the 
kalalagna. For this find cara and pranakalantara 
and correct with the opposite signs. For this, find the 
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cara and pranakalantara and correct the original 
kalalagna. Continue the process till two consecutive 
corrections for kalalagna are identical. This is the 
sayana lagna. Subtract ayanamsa to get the nirayana 
lagna. 

The ascending point or lagna is the point of intersection 
of the eastern horizon and the ecliptic. Cara is positive for 
Tuladi and negative for Mesadi. Pranakalantara is negative for 
odd quadrants and positive for even quadrants as pointed out 
earlier. Kalalagna is the Right Ascension of the East point. 


Z 



In the figure A is the Ascendant. HL is the ecliptic.y is 
the first point of Aries. O is the position of the Sun and Z>is foot 
of the declination circle. 

Kalalagna y E is measured eastwards, y A measured 
eastwards is Longitude of lagna, y O is the longitude of the Sun. 
When corrected by pranakalantara it becomes y D. The Sun rises 
at a point B on the small circle BO parallel to the equator. The 
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time after sunrise is multiplied by 6 and added to the arc = 
Z.QPB. The cara is Z.BPE. When this is also added we get y E, 
the Right Ascension of the East point. To get yA from y E we 
use the method of successive approximation described earlier. 

DIFFERENT JYAS 

41. Multiply square of the desired arc in tatparas by 1, and 
divide by square of 90° (expressed in tatparas = 
19440000). Subtract this from 36, multiply by the 
square of the desired arc in tatparas and divide by square 
of 19440000, subtract the result from 1604, multiply 
this result by the square of the desired arc in tatparas, 
divide by the square of 19440000, and subtract this 
result from 46817, multiply the result by the square of 
the desired arc in tatparas and divide by the square of 
19440000, subtract this from 796926, multiply the 
result by the square of the arc in tatparas and divide by 
the square of 19440000, subtract the result from 
6459641, multiply by the cube of the desired arc in 
tatparas and divide by the cube of 1944000. Subtract 
the result from the arc in tatparas. The result is the 
bhujajya of the arc in tatparas. 

We shall denote the constants 1, 36, 1604 etc., by k 6 , k s , 
k 4 , k 3 , k 2 and k l 

It is necessary to compare the verses of Madhava quoted 
in Yuktibhasa (pp. 91-9): 

vidvamstunnabalah kavlsanicayassarvartha silasthiro 

nirviddhanganarendrarunnigadite sve su kramat pancasu \ 
adhastyad gunitadabhlstadhanusah krtya vihrtyantima 
syaptam sodhyamuparuparyatha ghane naivam 

dhanusyantatah || 


^MjcLxjdxmjicjaJ. Fh-iuLU-A- 




ON JYAS, arcs and others 


81 


This also prescribes the same method but with different 
constants. £ ,, £ 2 , £ 3 , £ A , £ 5 , £ 6 , not given in this stanza. The 
procedure is this: 


_ . k.a' kjd 5 ka 1 k.a 9 k,a" k 6 a n 

Rsma-a - -^ — -— t -— — -— + -— 

31JR 2 5!fi 4 7W 6 9\R* 11!/?'° 13!i? 12 

In Madhava’s formula the constants are £ ( , £ , £ , £ 4 and £ . 
There is no term corresponding to the last term. We note 
that the constants gjven in the v. 41 are : 


k { = parvatali subhata 
k 1 - taralatalasuh 
ir 3 = sakrduktavak 
k A = vainateya 
k s = calana 
k. = kananam 

o 


= 6459641"' 
= 796926"' 

= 46817"' 

= 1604'" 

= 36'" 

= 1 "' 


All are in tatparas. Constants in Madhava’s formula are 


£ j = nirviddhanganarendraruk 
= 2220'39"40"' 

£ 2 = sarvarthasila sthirah 
= 273' 57" 47"' 

£ 3 = kavisanicayah 
= 16' 6" 41"' 

£ a = tunnabalah 
= 33”6"' 

£ 5 = vidvan 
= 44'" 


= 7994380"' 

= 986267"' 

= 58001"' 

= 1986"' 

= 44"' 


Wff/onccoZ 
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But the constants here are different. One can compare the two 
as in the table below: 


i 

*> 

k 

l. x 4 

— 1 

t, X6459641 

5 

Bi 

7994380 

i 

7994380 

6459641 

6395504 

6526745 

6459641 

2 

986267 

796926 

789013 

806946 

798924 

3 

58001 

46817 

46401 

47456 

46934 

4 

1986 

1604 

1589 

1625 

1608 

5 

44 

36 

35 

36 

36 


This shows that instead of using k 's one can use 
k x - 994380 to get the results. The difference is less than 1' in 

6459641 5 11 

each case. The other constants * - and * — will give 
results slightly higher and lower in values respectively. But it 
is not clear why the author resorted to such a method. He has 
not commented on the verse and provided the clue for 
interpretation. 

The correct reading should be ghanakrtam which 
means cubed. Let there be n terms for a r a 2 , . . ., a n given 
for subtraction. First subtract a from a We get a. - a . 
Then subtract this from a Then we get a — (a - a) = a , 
-a , + a . By the next subtraction, it becomes a — (a .-a , 

77-1 77 J 7 77-3 77-2 U~\ 

+ a ) = a -a , + a - a . Proceeding thus we get the 
result a ( - a, + a 3 + . . . + (-l)" -1 a n . This is the principle used. 

42. Multiply the square of the desired arc in tatparas by 5 
and divide by the square of 90° expressed in tatparas 
(= 194 4 0 0 00 2 ), subtract from 252, multiply by the 
square of arc expressed in tatparas, divide by 
194400 00 2 , subtract from 9192, multiply by the square 
of the arc in tatparas, divide by 19440000 2 , subtract 
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from 208535, multiply by the square of the arc in 
tatparas, divide by 19440 0 00 2 , subtract from 2536695 
and multiply by the square of the arc in tatparas and 
divide by 194 4 0 0 00 2 . Multiply by the square of the 
arc in tatparas divide by 19440000 2 and subtract from 
144337005. The result is utkramajya. 

This gives the method of finding utkramajya = /?(1-cosa) 
for the arc x. As before this is not correct. But we invoke 
Madhava’s formula in which a similar method is given. 

We shall denote the constants in the stanza by m { , m 2 , m Jt 
m 4 , m 3 , m 6 . 

2 4 6 8 10 12 

/TliU IDjd ITl'id ffl a( 1 TTlcQ. 

/?(1 —cos*)= —i-+ —3—-5— + -3- —- $— 

2\R 4!/? j 6 \R SIR 1 10 !/? s 12!/? 11 

In Madhava’s formula, the constants are 

n x = unadhanukrd bhureva = 4241' 9" O'" = 15268140'" 
n z = mlnango narasimhah - 872' 3" 5'" = 3139385'" 
n z = bhadrangabhavyasanah =71' 43" 24'" = 258204'" 
n A = sugandhinaganut = 3' 9" 37'" = 11377'" . 
n 5 = strlpisunah = 0' 5" 12'" = 312'" 
n, = stcna = 0 0 6'" 

o 

The constants in the v. 42 are: 


zz7 | = mananasadbimbosthapab 
m 2 = mugdhaksttilamatranut 
m 3 = margacodf narah 
m. = khalakeli 
77? s = phanatra 



= 12337005 

= 2536695 

= 208635 

= 9192 

= 252 

= 5 


muni 
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We can observe the following as before. 


i 

n. 

/ 

m. 

i 

«/> 1 

X 

*n 

14334005 

n. x- 

15268140 

1 

15268140 

12337005 

12723450 

14334005 

2 

3139385 

2536695 

2616154 

2947311 

3 

258204 

208635 

215170 

242407 

4 

11377 

9192 

9480 

10680 

5 

312 

252 

260 

292 

6 

6 

5 

5 

6 


This also indicates that multiplying the constants by 
6 15268140 

- or- will give approximate values. But one can try to 

get a better value of the multiplier. It is also to be doubted 
whether the readings are correct or have undergone distortion 
in the process of copying. 

But the question again is this: why does he give this 
method? Does he want to give a riddle to the readers who 
could cudgel their brains and get the solution, instead of telling 
them the truth? 

This also is not commented by the author and there is no 
clue to interpretation except for a direct investigation like the 
above. 

43. The jya of a desired arc is called kramajya. When it 
is squared, subtracted from the square of trijya and 
the root is extracted, kotijya is obtained. When 
kramajya is multiplied by trijya and divided by 
kotijya, sprgjya is obtained. When kotijya is 
multiplied by R and divided by bhujajya, kusprgjya 
is obtained. When the former is squared and added 
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to the square of trijya and the square root is found, 
chedijya is found. When kusprgjya is squared and 
added to the square of trijya and the root is extracted 
kucchedijya is obtained. 5 

First R sine is defined and it is asserted that 
4r 2 -r 2 sin 2 x = Rcosx. Sprgjya is de fined as R tan* and 
kusprgjya as Tfcotx We have the result 4r 2 +R 2 tan 2 * = Rsecx 
which is called chedijya and jpf +R 2 cot 2 x = Rcosecx > 
which is called kucchedijya. The interesting fact is that 
R tan, R cot, R sec and R cosec are also defined unlike in 
other Kerala works. 


NOTES 

1. C.T. Rajagopal and Vedamurthi Iyer, “On the Hindu 
Proof of Gregory’s series”, Scripta Mathematica 17, 1951, 
pp. 65 - 74. 

K. Mukunda Marar and C.T. Rajagopal, “On the Quadrature 
of the Circle” Journal of Bombay Branch of Royal Asiatic 
5bc/e(y(NS) 20, 1944, pp. 65 - 82. 

C.T. Rajagopal and M.S. Rangachari, “On an Untapped 
Source of the Medieval Kerala Mathematics” Souvenir of 
the 42 nd Annual Conference of Indian Mathematical Society, 
Thiruvanathapuram, 1976. 

There are other forms of the series for For example, 

7t _ 3 | f 1 1 | I 'l 

4 ~ 4 U 2 5 2 - 5 + 7 Z —7 J 

T.A. Saraswati (Geometry in Ancient and Medieval 
India, Motilal Banarsidass, 1979) observes that this can 
be obtained by rearranging the terms of series 

. which is not, however absolutely convergent. 

If the series is not absolutely convergent, rearrangement 
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of terms need not lead to a series with the same sum. 
It has to be investigated whether any independent proof 
existed for this. This is important since it opens up the 
question of more knowledge of Analysis by the Kerala 
mathematicians. 

2. The reading samipatajjyayoh is not satisfactory. One can 
compound samlpatah with jya, interpret the term as 
samipatah sthitayoh jyayoh and read it as samlpatojyayoh. 
The auto commentary gives as samipltajya. 

3. Uniqueness of the constructed figure is not asserted 
here. 

4. Cf. Muddle of Ayanamsa by S. Madhavan, CBH Publication, 
1993. 

5. The term ‘ tadvat vyasardhavargaf should be interpreted 
as ‘similarly from the square of trijya 1 . But this is also not 
quite accurate. The term ‘ tadvat ’ is not accurate because, 
addition of the squares of sprgjya and kusprgjya to the 
square of trijya is done and not subtraction from the 
square of R. This is clear from the sutra “ Teiia tulyam 
kriya cedvatih ” (Astadyayl , V. 1.115). Even the use 
of * koti ’ to mean kotijya is not very correct. Auto 
commentary on this verse is not available. At times this is 
loosely done, but in a verse which requires clarity, the 
usage is not satisfactory. Interpretation is done with the 
aim of getting specific results. Probably a commentary was 
written by the author to interpret the terms to mean what 
he has stated, though not available now. 
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CHAPTER V 

ON THE KNOWLEDGE OF FIVE ELEMENTS 


COMPUTATION OF FIVE ELEMENTS 

1. Shadow ( chaya ), eclipse (grahana), cakrardha, 
combustion ( maudhya ) and the height of the Moon’s 
horns ( srhgonnati ) are called the five elements. The 
computation of these is now described. 

Cakrardha refers to lata and vaidhrta described later. 
Combustion is a term applied to planets, when they come near 
the Sun apparently and become invisible. The times of heliacal 
rising and setting are determined. Srngonnati literally means 
the height of horns (of the Moon). The phases of the Moon are 
determined. 


THE SUN’S SHADOW 
FINDING KALALAGNA 

2. The kalalagna at sunrise is obtained by correcting the 
say ana Sun by pranakalantara and car a. To get the 
kalalagna at sunset, add six rasis and do the 
corrections. For the noon, add three rasis and do the 
corrections. For other times, choose the nearest of the 
three (before the concerned time), do the corrections, 
find nadikas elapsed after that, multiply by six and add 
it to the figure obtained earlier. 

There is no need for cara correction at noon. It is enough 
to add three raSis to the sayana longitude of the Sun and correct 
with pranakalantara. Cara is positive for Tuladi and negative 
for Mesadi. Pranakalantara is positive in even quadrants and 
negative in odd quadrants. 
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Kalalagna is the right ascension of the East point. 
Pranakalantara — |longitude - right ascension (R.A.)| and cara 
is the ascensional difference given by sin cara = tan cp tan 8, 
where <p is the latitude of the place and 5 is the declination of 
the Sun. These things were discussed in Chapter IV. 

We shall discuss these ideas with the following figure: 



Figure 5.1 

In the figure ns is the horizon with n and s as North and 
South points. QRis the celestial equator, /’being the North Pole. 
E and W'are the East and West points. HI is the ecliptic, y and 
Q are the first point of Aries and the first point Libra respectively. 
© represents the Sun on the ecliptic. 9 is the latitude of the 
place and 8 is the declination of the Sun. 

Let A be the point of Sun’s rising. Let the great circle /’© 
meet QR at L and let PA meet the equator at D. The Sun’s 
sayana longitude = yO(eastwards) and R.A. = y L (eastwards). 

R.A. of the East point = y D + DE 
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DE = 90° - East hour angle of A 
= 90° - cos" 1 (-tan cp tan8) 

= sin -1 (tan cp tan8) numerically 
= cara 

Therefore, 

y L = sayana longitude ± pranakalantara 

and 


y E = y L + LD + DE 
= Y L + DE+ LD 

= sayana longitude of the Sun with corrections 
+ 6 multiplied by time elapsed since sunrise. 

FINDING THE LARGE SHADOW AND 
DETERMINATION OF TIME 

3 & 4. Find the sayana longitude of the Sun, its cara and 
apamabana. When apamabana is subtracted from 
trijya, dyujya is obtained. Subtract the kalalagna at 

o 

the place (with the same longitude) of latitude 0 from 
the kalalagna at the place at the time concerned. Find 
its bhujajya. Make the correction for cara. Multiply 
this by dyujya and divide by the haraka for the place to 
get the Sun’s sanku. Square this, subtract from the 
square of trijya and extract the square root. Multiply 
this by the height of the sanku and divide Sun’s safiku. 
The result is the length of the shadow. 

Let 8 be the declination of the Sun; then apamabana is 
R-R cos 8 . Then dyujya = R - (R- R cos 8) = R cos 8 and 
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Q z 



N 

Figure 5.2 

C>is the position of the observer in Figure 5.2. 


The figure is as drawn earlier, but with some additions 
and deletions. The ecliptic is not shown in the figure. Then O is 
on the diurnal path which is a small circle Q' © parallel to the 
equator. Let it meet the horizon at i?and the declination circle 
PE at D. Let PB intersect QRat F. Draw Q)M perpendicular to 
the plane of the horizon. Draw ©A^in the plane of the small 
circle Q' ©, perpendicular to BC, C being the point of 
intersection of the line NS and the plane of the small circle. 
Draw EJ parallel to BN such that Z EJL = 90°. Let G be on LJ 
such that EG is perpendicular to U. 
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We observe that ©Mis parallel to ZO and ©./Vis parallel 
to QO. Therefore, 

Z.MQ)N = ZQOZ= cp . We get 
©M 

-= COS (0 

©N 


Also 

<DN= LG cos 8 = [LJ- GJ) cos 8 

= (R sin LE — R sin FE) cos 8 
= [i? sin (y E - y L) - R sin FE\ cos 8 


QM= ON cos <p = 


[/? sin( yE - yL) - R sin FE ]/? cos 8 
Rsqc <p 


In this case the Sun’s longitude is Tuladi and cara is 
subtractive. If it is Mesadi it will be additive. This is what is 
done in the Indian method. yE is kalalagna and yL is the right 
ascension of the Sun, if the term kalalagna at 0°, at sunrise is 
interpreted as the kalalagna at 0 °, at sunrise at the moment 
concerned. In that case the kalalagna concerned is the right 
ascension of the Sun at rising at that place. 

In Pancabodha (VII. 1) : 

0 _ {Rsin(Time elapsed since sunrise x 6 ) ± carajya }rcos 8 

Rsec <p 

The remaining part is simple. Let the Sun’s sanku be s. 
Let T be the tip of the shadow and OK be the gnomon. 

Height of the sanku h 
©M s 


£7 M.cLcrlxra.LC-CLL 57 
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Denoting the length of the shadow by i , we get 


n 7 s from similar triangles OAfTand KOT. 
IR s 


IR 2 - s 2 h 


Example 

(1) Find the kalalagna at Thiruvananthapuram (Lat 8°29', long 
76° 59 E) at 10 nadikas after the sunrise on 20.4.2004. 


Sayana longitude at sunrise = 30°17' 
Declination of the Sun = 11° 34' 


pranakalantaia — 


i?sin£/?cosf 7?(l-cos©) 
R /?cos 5 


Therefore, 


sin(t?-a) = 


sin i cos i (1 - cos CD) 


sin 30°17 cos 30°17'(1 - cos 24°) 


cosl 1°34' 


So, l - a = 2° 9' . This is negative since 
0' < £ < 90° 

sin ( cara ) = tan (p tan 5 


= tan 8° 29' tan 11° 34' 
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So cara = 1°45' and it is negative since 0 < £ < 180°. Therefore 
kalalagna =30° 17' - 1°45' + 6°x 10 = 86°23' 

We shall do this problem using the tables for 
pranakalantarajya and carajya. 

sayana longitude of the Sun at Sunrise = 30° 17' 

krantijya = 699 + 5 = 704' 

So kranti = 11° 49' 

(The difference is because the obliquity is taken as 24° 
instead of 23° 27' in Indian Astronomy) 

pranakalantarajya = 126' 

= 2 ° 6 ' 


This is negative since 30° 14' is in the first quadrant. 

/?sin cara = 131' + 3’ = 134’ for Alathur. 

For Thiruvananthapuram, 

134 „ , 

R sin cara = - x 107 — 104 

138 

cara = 104' = 1° 44' 

Being Mesadi, it is negative and R sine = arc since the 
angle is small 

kalalagna =30° IT -2°6' - 1°44' +6°xl0 
= 26° 27' + 60°= 86° 27' 


(2) Find the length of the shadow. 
Sun’s SaAku = s 

kalalagna - kalalagna at 0° at sunrise 


/ 
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= 86°27' - (30° 17' - 2° 6') 
= 58°16' 


R sin (kalalagna - kalalagna at 0° at sunrise) + carajya dyujya 

haraka 


(2923+104) x 3369 


= 2932= s 


In 2 2 

Therefore, -= 0.6213. If the height of the 

s 

6anku= 52 then length of the shadow = 0.6213 x 52 = 31.8395 

ahgulas. 

5. Square the length of the shadow and the saiiku, 
add them and find the root. Multiply saiiku, trijya 
and the haraka for the place and divide by dyujya. 
Note this result. Divide this by the earlier result 
namely V(shadow ) 2 +(sankuf ■ Correct the result 
with cara, find the arc and correct it with cara in 
the opposite sense. Divide by 360. The result gives 
in nadikas, time elapsed since sunrise, if it is 
before the noon and the time before the sunset if 
after the noon. 


/(shadow ) 2 + (sahku ) 2 = J— --—-- h 2 
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Also 


trijya x sanku x R sec cp 

" Rh 

Rcosox- 

s 

_ R x h x R sec <p 

~ „ s Rh~ 

R COS 0 x - 

s 

= s sec 8 sec cp 

From Stanzas 3 and 4, this reduces to R sin [kalalagna - 
kalalagna at 0°lat. at sunrise + cara correction]. Retracing the 
steps, we get the result. 

FINDING PALANGULA 

6. Find the length of the shadow for the midday, multiply 

by trijya and divide by the hypotenuse. Find the arc 

and it is Mesadi if the shadow is in the North and 

Tuladi if the shadow is in the South. Find the 

declination for the sayana Sun. Add the two if they 

have the same sign. Otherwise find the difference. The 

bhujajya of result is aksajya. When it is subtracted from 

the square of trijya and the root is extracted, the result 
t „ aksajya 

is lambajya. 12x ^r^~r gives the palangula. 

If the declination of the Sun is 8, the meridian zenith 
distance is z and the latitude is cp , then 8 + z = cp , provided 
8 is considered positive or negative according as it is North 
or South and the zenith distance is considered positive or 
negative according as it is South or North. When the shadow is 
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in the North, the Sun is in the South and conversely. Thus 
the same convention is followed in the rule given in the 
stanza. 

If s is the length of the midday shadow and t is the 
hypotenuse, then R.- = Rsmz where z is the meridian zenith 
distance. 

The corresponding arc = z. z + 5 = <p > as noted earlier 

and 

R sin (z + 8) = R sin <p = aksajya. 


lambajya = vR 2 -R 2 sin 2 (p=Rcos(p 


palangula 


= 12 x 


aksajya 

lambajya 


12 tan cp 


FINDING $ANKVAGRA AND ARXAGRA 

7. Multiply the Sun’s sariku by palangula and divide 
by 12. This gives the tip of the saiiku (sankvagra), 
south of the line joining the rising and setting 
points. The arkagra is obtained when the bhujajya 
of the sayana longitude of the Sun is multiplied 
by the maximum declination and divided by 
lambajya. 


Sankvagra = 


Sun’s sanku x palangula 
12 


Rsin^ Rsinco 

arkagra = - 

Rcos<p 
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LONGITUDE OF THE SUN IN PRIME VERTICAL 

8. The sahku of the Sun when meeting the prime vertical 
is given by 

arkagra x lambajya 

aksajya 1 

krantijya x trijya 
aksajya 

Let £ be the sayana longitude of the Sun. Then 

arkagra x lambajya flsmrasinl flcoscp 

cos cp/f sincp 

sin cosing 
sincp 

J?sin8x R 
/? sincp 

R sin co sin £ 
sincp 

This is a result well-known in Astronomy. 

9. When sama sanku is multiplied by aksajya and 
divided by R sine of maximum declination, the 
corresponding arc gives the sayana longitude of the 
Sun or 360°- the longitude. 

samaianku x ak$ajyS _ 7? sin t sin coxy? sin <p 
/?sinco 7?sinco sincp 

= R sin £ 


aksajya 


krantijya x trijya 

Also 7 7T 

aksajya 
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The corresponding arc (180°- arc) or (360°- arc) gives 
the longitude of the Sun. 

FINDING THE LONGITUDE OF THE SUN 
FROM THE SHADOW 

10. Find the length of the shadow of the Sun at noon. 
Multiply by trijya and divide by the hypotenuse. Find 
the corresponding arc. It is the nata or meridian zenith 
distance. If the Sun is in the North add aksacapa 
(latitude expressed as arc) and subtract if the Sun is 
in the South. The result is actually the declination. 
Multiply this by trijya and divide by the bhujajya of 
maximum declination. Find the arc corresponding to 
this, which gives the sayana longitude of the Sun, six 
rasis added to it or 360°- the longitude. 

If 5 is the length of the shadow, z the meridian zenith 
distance and rthe hypotenuse, then 

s 

sin z = — 
t 

. -I § o 

sin — = z = o ~ cp , 
t 

where 8 is the declination and cp is the latitude of the place. 
Therefore z ~ (p = 8 . If the Sun transits North of the meridian, 
cp has to be added, otherwise it has to be subtracted. This can 
be verified by drawing suitable figures. From the value of 5, the 
sayana longitude of the Sun is obtained from the formula. 

sin i =- ... ( 1 ) 

sin (D 
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Since 8 can be positive or negative, £ = 180°+ longitude given 
by (1) or 360°- the longitude given by (1). 

THE MOON’S SHADOW 
LATITUDE OF THE MOON 

11. Find the Drk longitudes of the Sun, the Moon, the 
Moon’s mandocca, and add ayanamsa to these. Also 
get the kalalagna. Subtract the sayana longitude of 
Rahu from that of the Moon and multiply its 
bhujajya by 270 [asura) and divide by trijya. We get 
the latitude of the Moon. 

Rahu and Ketu are the nodes of the Moon’s orbit. If i is 
the inclination of this to the ecliptic, then its latitude can be 
obtained thus. Let M be the Moon and D the foot of the 
secondary to the ecliptic. Let / be the inclination of the Moon’s 
orbit, and /Vthe node (Rahu). Let m, and n be the sayana 
longitudes of M and A r respectively. 


M 



Then 


sin MD 

-= sin/ 

sin NM 
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Therefore sin MD = sin (m - n). sin i, i is taken as 270' and 
since it is small we make approximations. We get the latitude 

MD= 270'. sin (m- n) 

27 0' R sin (m - n) 

= R 

as given in the stanza. This is positive or negative according as 
(m - n ) is Tuladi or Mesadi. 

Mandocca is the apogee, the point on the orbit which is 
farthest from the earth. The Drk system was introduced by 
Alathur Paramesvaran Nampootiri, when the earlier system 
Parahita became inaccurate. Since the computation of the shadow 
has to be done with accurate positions, the author has insisted 
on the computation by Drk system. 

12. Add three rasis to the sayana mandocca of the Moon. 
Subtract i. from the longitude of the sayara Sun and 
the longitude of the sayana Moon. Find the bhujajya 
for the Moon in either case, multiply them and divide 
by 527 (sambhrama). If both the bhujajyas have the 
same direction, add it to the sayana longitude of the 
Moon. Otherwise subtract from the sayana longitude 
of the Moon. The result is called the last Moon. 

This is also called the second Moon or dvitlya candra. 
The naronvadijya which is used for computing the Moon’s true 
position is used here. It is positive if the arc is Tuladi and negative 
if it is Mesadi. 

13. Subtract three rasis from the last Moon. Find the 
lunar jya and the direction. Multiply by the latitude 
and divide by 7705. This is called drkphala and is 
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positive or negative according as the jya and 
latitude have the same or different directions. 

14. Find half of drkphala and correct the Moon’s longitude 
obtained earlier. Add or subtract as the case may be. 
This is the corrected Moon. Find the declination for 
that longitude. Correct this with the latitude. If both 
have the same direction, add them. Otherwise subtract 
the smaller from the larger. From these, carajya 
and dyujya can be obtained. The moon’s position has 
to be corrected with the whole of drkphala. 

The second Moon and corrected Moon are found out to 

make the Moon’s position accurate. 

THE LARGE SHADOW OF THE MOON 

15. Find the pranakalantara and correct the corrected 
longitude of the Moon. Then subtract it from kalalagna. 
Find its mahajya and correct it with the cara obtained 
earlier. If both are Mesadi or Tuladi add. Otherwise 
subtract the smaller from the larger. Multiply by dyujya 
and divide by the haraka for the place. The result is 
the Moon’s sanku. 

SHADOW OF THE MOON AT THE DESIRED TIME 

16. If the direction of the sanku is Mesadi , the Moon is 
visible. Otherwise it is not visible. Square the Moon’s 
sanku and subtract from the square of trijya and extract 
the square root. This is called the large shadow of the 
Moon. Multiply this by the height of the sanku and 
divide by the Moon’s sanku minus four times the 
motion of the Moon. 
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Four times the Moon’s motion is actually 4 times the 
motion in a nadika or 1/15 of the daily motion. This is clear 
from Candrachayaganita (VI. 14) of Nllakantha Somayajin. This 
is to account for parallax, though the method is only approximate. 

Example 

(1) We shall find the length of the shadow in moonlight on 
31.5.2004 at Thiruvananthapuram (lat. 8°29' N, long. 76° 
59 E) 12 nadikas 30 vinadikas after sunset (6-21 PM 
I.S.T.). 

sayana longitude of the Sun 

= nirayana longitude + ayanamsa 
= 45° 33' + 23° 55' 

= 69° 28' 

Mean longitude of the Moon = 208° 48' 
sayana mandocca =103° 16' 

Moon’s mandakendra = 208° 48' - 73° 21' = 129° 27' 
True longitude of the Moon 

= 208° 48' + Moon’s mandaphala 
= 208°48' - Moon’s mandajya (129° 27') 

= 208° 48'- (234') from tables. 

= 208° 48' - 3° 54’ 

= 204° 54' 

The sayana longitude of the Moon = 204° 54' 

(2) We shall now find the sayana longitude of the second 
Moon. We have 
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sayana Sun - sayana mandocca 
= 69° 28' - 103° 16' 

= 326° 12' 

sayana Moon - sayana mandocca = 204° 54' - 103° 16' 
= 101° 38' 

Moon’s mandajya for 326° 12' = + 167', since it is 
Tuladi. 

Moon’s mandajya for 101° 38' = - 132', since it is 
Mesadi. 

The correction = -38' 

The correction is negative since one is positive and the 
other negative. 

The second Moon = 204° 36' - 38' = 203° 58' 


(3) Drk phala: 

To find this we need the latitude of the Moon first. 
sayana Moon = 204° 54' 
sayana Rahu = 30° 1' 

T , R sine (sayana moon — sayana Rahu) , 

Latitude = -—---- x 270 

R 


R sine (174° 54') 
R 


x 270' = 25' 


The latitude is Mesadi (negative) 
The second Moon - 3 rasis 
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= 204° 8'-90°= 114° 8' 

Lunar jya = 279' 

Being Mesadi, this is negative. 

lunar jya x latitude 279x30' , 

Drk phala — -=-= —1.08 

7705 7705 

Half the drk phala — — 1' (rounded off to minutes) 

Correcting the second Moon with this we get sayana longitude 
of the Moon 204°8' -1' = 204° 7' 


(4) Declination : 

Find the declination as for the Sun for 204° 7', using the 
table for krantijya. (See Table 4). From the table, the 
declination corresponding to 204° 7' -180°= 24° 7' is 
567'. The corresponding arc = 567' = 9° 27'. This is 
positive, being Tuiadi. The latitude = 25'. 

The declination of the Moon = + 9° 27' -25' = + 9° 02' 

We shall now find carajya and dyujya. Carajya can be 
obtained from table for Alathur and using the result. 

Carajya for Thiruvananthapuram 

Carajya for Alathur x palangula for Thiruvananthapuram 
palangula for Alathur 


11 7'x 104 
138 


= 88 ' 


This is positive. 

dyujya = mahajya of the koti of 9° 02' = 3422' 
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(5) Length of the shadow 

We are now in a position to find the length of shadow 


caused by the Moon. 

The corrected longitude 
of the Moon 

pranakalantarajya 
The arc 


= 204°8'-r 

= 204° 7' 

= 104' 

= 104' (being small) 

= 1° 44' 


Being in the third quadrant, it is negative. Therefore, R.A. 
of the Moon = 204° 7' -1° 44' = 202°23' 

We shall find the kalalagna. Being after sunset adding 6 
rSiis to the say ana longitude of the Sun we get, 

69° 28' + 180° =249° 28' 

Correction for cara = carajya (69° 28'; = 203' = 3° 28' 
This is positive being Tuladi. 

pranakalantarajya = 101' 

pranakalantara = 101'= 1 ° 41', 
the angle being small. 

This is negative being in the third quadrant. 

Therefore the kalalagna = 249° 28' + 3° 28' -1°41' + 
6° 12.5' = 326° 15' 

kalalagna - R.A. of the Moon = 326° 15' -202° 23' 

= 123° 52' 

mahajya = jya( 123° 52') = 2855' 
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The cara, being Tuladi we get, 
mahajya = 2855'-88' = 2767' 

w , , , 3422'x 2767' , „ 

Moon s sanku = - = 2724 = s (say) 

3476 



/3438 2 — 2724 2 = 2097 


, 852x2097 . . 

Shadow = - = 40.82 angulas 

2724-53 


THE TIME FROM THE SHADOW OF THE MOON 

17. The sanku with which shadow is measured can have a 
height of 52 angulas or 6 feet and a half. After having 
guessed the approximate time, from the shadow, all 
the things done earlier have to be performed and the 
hypotenuse which is the root of the sum of the squares 
of shadow and sanku has to be obtained. 

The approximate time after sunrise can be guessed using 
the length of the shadow. For this, vakyas are given in the texts 
(see Table 8). After guessing the time, one has to calculate the 
longitudes of the Sun, the Moon and Rahu. When the Moon is 
waxing, one can get the time of setting after sunset by doubling 
the number of the tithi. When the Moon is waning, it will indicate 
the time of rising. From the length of the shadow one can guess 
the nadikas elapsed after moonrise or the time remaining for 
the setting of the Moon. With this, one can find the longitudes of 
the Moon, Sun and Rahu. 

18. Multiply the square of the shadow of the Moon by 
four times the motion per hour and divide by the 
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hypotenuse. Add to it the sanku and trijya. Divide 
this by the hypotenuse to get the Moon’s sanku. 
Multiply this by svade&aharaka and divide by the 
Moon’s dyujya. Find the carajya of this and add if 
it is Tuladi and subtract if it is Mesadi, and then 
find the corresponding arc. 

The commentary indicates that sanku here is the same as 
the SaAku mentioned earlier, in the computation of the length of 
the shadow. 

19 & 20. After finding the cara add it to the Moon’s position, 
if it is before the meridian passage. If it is afterwards, 
subtract the cara from 6 ra&is and add it to the corrected 
Moon. From this subtract the kalalagna at setting and 
divide by 6. This will give the nadikas etc. at the time 
concerned. If this agrees with the time guessed, the 
correct result is obtained. Otherwise find the difference 
and multiply by the rate of motion, get the new 
positions, repeat the process till concurrent values are 
obtained. 

By retracing the steps we get the results. We have already 
guessed the time using the foot- vakyas and the tithi. If the result 
obtained agrees with it, accept it. Otherwise, use a method of 
successive approximation. The auto-commentary says that if 
the time guessed and that arrived at by computation are different, 
find the difference and multiply by the rate of motion, arrive at 
the new time (earlier or later from the guessed time as the case 
may be). For this time, repeat the computation and continue till 
concurrent values are obtained. In Pancabodha, the method is 
to find the difference, divide it by 27 and add to or subtract 
from the guessed time as required and continue till concurrent 
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values are obtained. The rate of motion divided by 60 is 
13° 10'35' 

-——. When the difference is multiplied by this and added 


to or subtracted from the guessed time, and computations are 
done, the spirit of the method is the same. The method seems 
only to find a point in between the guessed time and the time 
computed and continue the process. But ‘ gatighnSdbedamSada- 
tula hrtam' actually means multiply the nadikas by the rate of 
motion and divide by 360. 


COMPUTATION OF ECLIPSES 

NORMAL PROCEDURE IN ECLIPSES 

21. If the longitude of the Sun minus that of the Moon 
reduced to the first quadrant is less than the difference 
in the daily motions of the Sun and the Moon at the 
end of a Full Moon or a New Moon, eclipse has to be 
computed. The solar eclipse occurs during day at 
New Moon and the lunar eclipse during night at 
Full Moon. 

The major and minor solar ecliptic limits are 18° 31' and 
15° 24' respectively. When the distance of the Sun from the 
nearer node is less than 15° 24' at New Moon solar eclipse will 
occur and if it is greater than 18° 31' it will not occur. If it is in 
between the limits, it may or may not occur. The major and 
minor lunar ecliptic limits are 12° 5' and 9°30' respectively and 
they are explained similarly. If the distance of the Sun from a 
node is less than 18° 31', at a New Moon, one has to check the 
occurrence of solar eclipse and if it is less than 12° 5' at a Full 
Moon, the occurrence of lunar eclipse has to be checked. But 
the above verse fixes the bounds as the difference in the daily 
motions of the Sun and the Moon, the mean value of which is 
about 12° 13' 27". Though this is sufficient for lunar eclipses. 
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what about solar eclipses? Though the theoretical value of major 
ecliptic limit is 18° 31, which depends on factors like latitude of 
the place, Ganita Nirnaya asserts that solar eclipses need be 
computed only if the distance of the Sun from the nearer node is 
less than palangula increased by 11. This is the normal rule in 
India. 

22. Find the positions of the Sun, the Moon and Rahu in 
Drk, their daily motions, and use drk ayanamsa. Add 
six rasis to the Sun’s longitude for lunar eclipses. Then 
the longitudes of the Sun and the Moon at the end of 
Full Moon will be equal. 

Emphasis on the Drk system is laid, because an eclipse 
is an observable phenomenon and observed positions of planets 
should tally with the computed positions. 

THE DIFFERENCE BETWEEN LUNAR AND 
SOLAR ECLIPSES 

23. Find the sayana longitude of the corrected Moon, 
subtract three rasis from it. Find carajya and harajya. 
Add three rasis to the longitude of the Moon and 
correct it with pranakalantara. Subtract kalalagna 
from it. Find its mahajya and correct it with carajya 
with suitable sign. Divide this by the sum of the 
harajya and one-quarter of svadesaharaka. This gives 
lambana in nadikas. It can be converted into nadikas 
and vinadikas. 

In solar eclipse geocentric parallax plays an important 
role. Lambana is the change in the time of the eclipse caused 
by the parallax in longitude. To discuss the rationale of the 
method here, it is necessary to explain the concept of parallax. 
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The effect of parallax 

We shall first explain the concept of geocentric parallax 
and proceed to discuss the methods used in Indian Astronomy. 


Z S 



Figure 5.4 

Let E be the centre of the earth and a its radius. The 
observer O on earth observes the body 5in direction OS and the 
observer E at the centre of the earth, in the direction ES. Then 
the Z.OSE= p is called the geocentric parallax of S. Let ES= d. 
ZZOS = z (say). Then we get from A OSE 

OE _ ES 
sin OSE sin EOS 

a _ d _ d 
i e ‘ sin p sin (180° — z) sin z 

Thus sin/? = —sinz = / > sin 2 where p ~~, the horizontal 
d a 

parallax. Clearly, zis the zenith distance of the body. Therefore 
the effect of parallax is to elevate the body along the vertical 
circle by an amount P sin z. 
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Let S be a celestial body which moves to .J'due to parallax. 

z 



Figure 5.5 

Let B, be angle made by the ecliptic with the vertical. Draw S' D 
perpendicular to the ecliptic. Treating S S'D as a plane triangle 
since S S' is small, the resolved parts of the parallax along the 
ecliptic and the secondary to it are 

Ps in z cos B 3 and Psin z sin B, 

This shows that the change in the values of the longitude and 
latitude depend on B,. 

The Indian concept is also the same (nati lambanayor 
vasana). Ganitayuktayah (XXI. w. 2-3) : 

drnmandala ksepavrtta bhakutakhyani yani tu ( 
tesam yogagatam khetam pasyatyavani madhyagah || 

bhuprsthagah punahproktavrtta tritayayogatah | 
driimandalanusarena lambitam manyate graham || 

This means that the planet in vertical circle or bhakuta 
(apexes of circles) cutting the ecliptic at right angles as observed 
by a terrestrial observer appears deflected from its position as 
observed by one at the centre of the earth, according to its position 
in vertical. 
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In Indian Astronomy, parallax is used only for finding the 
difference of time caused by it. If £ is towards zenith, the 
corresponding time will be later to the observed time. Thus it 
can be treated as deflected away from the zenith. We refer the 
reader to the demonstration given by T.S. Kuppanna Sastri in 
his translation of Paiicasiddhantika (p. 174). 

T.S. Kuppanna Sastri treats it this way, though we have 
used the modern concept. There is no difference except for the 
direction. 


z 



Figure 5.6 


Z - Zenith 

N - Nanogesimal - lagna -90° 
O — Orient ecliptic point (lagna) 
ZM - Zenith distance of M 
PM' - Parallax in latitude 
MP - Parallax in longitude 
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Parallax in latitude 

PM'= MM' sin M 'MP 
= P sin ZM. sin ZMN 
= Psin ZN= Psin ZdN(N is 90° behind 0) 
(Zd stands for zenith distance) 

Similarly 

Parallax in longitude 

MP= MM'cos M'MP 
= P sin ZM cos ZMN 
= P. cos ZN. sin MN 

= P. cos Zd N. cos QA/(<2A/being lagna - 90°) 

./Vis defined as Nanogesimal, i.e. point 90° behind lagna. 
Then ZN is the vertical circle. ZN is secondary to the horizon. 
ZN\s also secondary to the ecliptic. It follows from the fact that 
the points of the intersection of two circles are poles of the 
great circle joining their poles. Since parallax can cause delay 
of 4 nadikas while on the horizon, it cannot be ignored. But the 
method of successive approximation introduced to stabilize the 
value of lambana to some extent takes care of the problem. 

Parallax is maximum at the horizon. In Indian Astronomy 
it is assumed that parallax changes uniformly with time. It is 
maximum at the horizon and it vanishes at the meridian. 

We shall discuss the rationale of the computation of 
lambana. Lambana measures the difference in the times of 
observing the celestial object (the Sun or the Moon here) due to 
parallax in longitude. It is assumed that the change in parallax, 
as the zenith distance changes from 0°to 90° is four nadikas. By 
invoking the rule of three, parallax is determined in other cases. 
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GanitaYuktibhasa (p. 204) gives this as the principle. The principle 
applied is only approximate. The method given in the text is 
explained now. This is perhaps a method based on the theory 
discussed above, but with approximations and modifications. 

We get 

_ R sin [R.A of the sun + 90° - R.A of the East Point] - R tan<p tan8 
" 1 R | 1 ^(l-cosS - ) 

4 cos (p 4 cos <p cos 8 

= 4[sin{R.A of sun + 90° - R.A of the East point}-tan 9 tan 8] cos 9 cos 8 
where 8 is the declination of the Sun with longitude reduced by 

o 

90 ■ 


There are many methods for the computation of parallax 
and they are not discussed here. (See Suryasiddbanta (5.12) 
and the discussion thereof). 

24. Correct the time of conjunction with lambana. Find 
the sayana Moon etc. for this time and again calculate 
the lambana till concurrent figures are obtained. This 
is the case with solar eclipses. Since lambana and 
nati do not affect the lunar eclipses, the instant of 
Full Moon (the end of Purnima) corresponds to the 
middle of the eclipse. 

The method of computing lambana has been discussed in 
the last stanza. After getting this, correct the instant of New 
Moon with this. It is negative before the meridian passage of 
the Sun and positive afterwards. But the lambana has to be 
stabilized by repeating the process till two consecutive values 
are nearly equal or equal with respect to the degree of 
approximation. 
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COMPUTATION OF THE ANGULAR DIAMETER 
OF THE DISCS 

25. To get the angular diameter of the Sun’s disc, multiply 
the daily motion of the Sun in minutes by 140 and divide 
by 251. This will be in minutes. For getting the angular 
diameter of the Moon’s disc, multiply the daily motion 
of the Moon in minutes by 10 and divide by 251. This 
will be in minutes. Multiply the daily motion of the 
Moon by 15 and subtract the daily motion of the Sun 
multiplied by 48. Divide the result by 113. The angular 
diameter of the section of the shadow cone is obtained. 

The angular diameter of a distant body is inversely 
proportional to its distance. But it has been taken to be directly 
proportional to the rate of motion. As the body comes nearer, 
the angular diameter increases and the rate of motion also 
increases. Therefore the principle appears to be correct in spirit. 
Let us examine the actual situation. In epicycle theory, the planet 
moves in a circle, round the earth, which is away from the 
geometrical centre, by a distance equal to the radius of the 
mandavrtta or epicycle. This is also equivalent to the motion of 
the body in a circle called mandavrtta, the centre of which moves 
in a circle called kaksyavrtta. 


s 
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In fig 5.7 (1) 5, is the position at mandocca. It takes the 
same time to trace the mandavrtta, as the centre of mandavrtta 
to trace the kaksyavrtta, but the planet moves in opposite 
direction in the mandavrtta. The mean planet moves in the 
kaksyavrtta with uniform rate, and the true planet moves in the 
mandavrtta with the same rate. The equivalent situation is shown 
in fig 5.7 (2). 



Figure 5.7 (2) 

The planet moves in a circle with centre O, while the 
earth is at i?such that OE is the radius of the mandavrtta. S t is 
position at mandocca. While the planet moves uniformly in 
the circle with centre Othe observer at ZTsees it in the direction 
ES and the motion is not uniform, with respect to E. Let /.S^OS 
be m and /.S^ES be u. The former is called mean anomaly 
and the latter true anomaly and ] u - m | is called the mandaphala. 
It is observed by Bhaskara II in Siddhantasiromani 
(Chedyakadhikara, v.7) thus : 

bhumermadhye khalu bhavalayasyapi madhyam yatah syad 
yasmin vrtte bhramati khacaro nasya madhyam kumadhye \ 
bhustho drasta na hi bha valaye madhyatulyam prapaSyet 
tasmat tajhaih kriyata iha taddohphalam madhyakhete || 
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This can be construed thus: 

“The centre of the earth which is also the centre of the celestial 
sphere is not the centre of the circle in which the planet moves. 
Therefore, the terrestrial observer cannot observe the planet 
with its mean position. Therefore, enlightened persons have 
introduced the dohphala to (correct) the mean position.’’ 

This is the case with the Sun and the Moon. In the case of 
star planets this is inadequate. Therefore a slghra vrtta is also 
introduced. 

We shall consider the case of the Sun and the Moon once 
again. Take ES t , as the *-axis and y-axis perpendicular to it 
through ifand taking OE = a, and radius = b we get the equation 
of the circle as 

(x- a) 2 + y 2 = & ... (1) 

If ES= r, we get 

& = i 2 + a 2 -2 arcos u ...(2) 

Differentiating with respect to time t, 

du dr 

- rsm u .— H-cos u 

dt dt 


dr 

0 = 2 r. -2a 

dt 


i.e., 


dr ar sin u du 
dt r — a cos u dt 


Clearly 


ar sin u ar 
r — a COS u r — a 


1 + 



. . . (3) 
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Also, by resolution of velocities along the radius vector 
and perpendicular to it, 


the resultant velocity = 



Since a is very small when compared with r, so is — when 

du dr ^ 

compared with r. —. Thus — is small and the resultant velocity 

is nearly r ~ ■ 

2 du 

In central orbits, r — is constant. But the situation here 

dt 

is quite different. There is a centripetal force towards O which 
is constant. Since the directions of EJand OS differ by a small 


angle, we can take them to be the same as an approximation 

2 du , du 

and take r — = *, a constant. Then r — = k and we can assume 
dt dt 

that angular diameter is proportional to the velocity of the planet 
(Sun or the Moon). Though £depends on the planet, the distance 
of a planet is defined in the Indian system so as to make k 
unique, (see VI.27). 


At mandocca, the Sun is farthest from the earth and taking 

the rate of motion to be 57' per day, we get by the formula 

given in the stanza that the angular diameter of the Sun = 
57x140 , , 

-= 3148 nearly. Probably this value was obtained from 

observation and the constants 140 and 251 were derived from 
that. The modern figure for the same is 31' 36" and the difference 
of 16" is insignificant in the absence of sophisticated 
instruments. 


The method of finding the angular diameter of a body is 
given in Karanapaddhati (VIII. 31) thus: 
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bimbadlnam yojanani batani tribhajivaya \ 
sphutayojanakarnena bhaktanyesam kalah smrtah || 

According to this, the diameter in yojanas is to be multiplied by 
trijya and divided by sphutayojana karna to get the angular 
diameter. 

In particular, the angular diameter of the Sun and the Moon 
can be obtained by multiplying the daily motion by the diameter 
and dividing by the daily motion in yojanas as evidenced by the 
following in Karanapaddhati (VIII. 32) : 

athava sphutagatilipta bimbavyasasya yojanairgunitah | 
dinayojanagativihrtas tasya ca lipta bhavanti ravisasinoh || 

The diameter of the Moon is 315 yojanas that of the Sun 
is 4410 yojanas, and the daily motion in yojanas is 7906. 

Angular diameter of the Sun or the Moon 

daily motion x diameter in yojanas 
7906 

For the Moon, 

diameter in yojanas _ 315 10 

daily motion in yojanas 7906 251 

For the Sun, 

diameter in yojanas 4410 140 

daily motion in yojanas 7906 251 

Thus the above constants are used in computation. 

It is necessary to explain the term ‘daily motion in 
yojanas'. In Indian Astronomy, there is a principle that every 
planet moves a distance of 7906 yojanas in its orbit daily. The 
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akaka kaksya is defined first. It is the circumference of the 
Universe. Bhudina is the number of civil days in a caturyuga. It 
is defined that circumference of the orbit of a planet 


graha kaksya = 


akafa kaksya 

no. of revolutions in a caturyuga 


akasa kaksya 
bhudina 


= 7906 yojanas 


See Chapter VI for details. 


s E N u 



Let 5be the centre Sun, iTthe centre earth, N, the centre 
of section of the shadow, and U the vertex of the cone. The 
generating line of the cone displayed meets the Sun at I, earth 
at K, the section of the shadow at L. Draw TKM parallel to 
SENUio meet 57at T and NL at M. We have 


A TKI 

HI A KLM 



Therefore 




77 

TK 



LM 

KM 



SI-ST 

TK 

2SI-2ST 

TK 

1 ' e ” NM-NL 

; i.e. 

KM 

2NM-2NL 

KM 


'MjdjodxmljcjaJ. Fh-iuLU-A- 




ON THE KNOWLEDGE OF FIVE ELEMENTS 


121 


If a, b, c are the diameters of the Sun, Earth and the section of 
the shadow then we get 

a — b _ Distance between the Earth and the Sun 
b-c Distance between the Moon and the Earth 

We consider the section of shadow along the Moon’s path and 
therefore 


a-b _ }s_ 

b-c V m ’ 

where s and m are the daily motions of the Sun and the Moon. 
We get 


b — c = (a — b) — 
m 

This is the diameter of the section of the shadow in units of 
length. As in the case of the Sun and the Moon, the angular 
diameter of the shadow, 


m 

= c x- 

the daily motion in yojanas 

bx.m — (a — b)s 
daily motion in yojanas 

_ 1050x^7-3360 s 
7906 

(taking a = 4410, 6=1050 and earth’s motion = 7906) 


15X/77 — 48 s 

— , which is the formula given in the text. 
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COMPUTATION OF NATI IN SOLAR ECLIPSES 

26. Multiply half the palahgula by 1287. This is called 
aksa. This is always Tuladi. Multiply svadesaharaka 
by 50 and divide by 81. Convert into seconds and 
divide by the difference in the daily motions of the 
Sun and the Moon. This is called natiharaka. 

Find the kalalagna, subtract three rasis from it and 
get its mahajya. If it is Tuladi add it to aksa, 
otherwise find the difference. 

Divide the result by natiharaka and using this result 
correct the latitude according as nati is Mesadi or 
Tuladi. This is the corrected latitude of the Moon. 

The term used in the stanza is ‘ pitryarksakalabhagunena’ 
and this means ‘by the mahajya of the kalalagna at New Moon’ 
(pitryarksa is New Moon because the manes or Pitrs are 
supposed to rule over the New Moon). There is no indication 
for subtracting three rasis. One method to tide over this difficulty 
is to remove ‘ digaksam' and replace by tribhona. The auto¬ 
commentary refers to subtraction of three rasis, and so this seems 
appropriate. 

We shall examine the computational procedure. If h is 
height of the sanku and (p is the latitude, 

1287 , 

aksa = -. h tan (p 

2 

1287 

= -x 12 x tancp (if /? = 12) 

2 

= 7722 tan (p . 

One can check that. 
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3438 
tan 24° 


= 7729 


Thus aksa 
Also 


Rtancp 

tanco 


allowing for the small difference. 


50 R _ R 
(l 2° j/j). 81cos(p 48'cos (p cosco 

If 48' is the horizontal parallax the result turns out to be 

_ R _ 

hor. parallax x COStp COSCO 

This is the rule given in Pancabodha also and is only 
approximate. Therefore 


aksa± Rsin {kalalagna- 90°) 
R ~ 

hor. parallax x costp sinco 


= Hor.parallax 


tancp 

tanco 


± R sin (kalalagna - 90°) cos cp sin co 


= Hor.paral lax [sin cp cos co ± cos cp sin (kalalagna - 90° )] 


THE LATITUDE OF THE MOON AND DURATION 
OF ECLIPSE 

27. Subtract the sayana longitude of Rahu from that of 
the Moon, multiply by 4 and find the jya. Divide this 
by 51. The result is viksepa for the lunar eclipse. For 
the solar eclipse find the nati and add to the earlier 
figure or find the difference between the two 


^mjcLaj-Ujtll€ixlL 



124 


sadratnamAla 


according as they have the same sign or not. If the 
viksepa is greater than half the sum of the angular 
diameters, there will be no eclipse. If the figure is 
less than half the difference of the angular diameters, 
the eclipse will be full or annular. 

The latitude (3 is given by 

R sin (long, of Moon — long, of Rahu). 270° 

R sin p =-—-—- - 

R 

At an eclipse, long, of Moon - long, of Rahu is small or near 
180°. In either case, R sine = difference in longitude in minutes. 
Thus 


270 

R sin P = -- [/? sin (long, of Moon - long, of Rahu)] 


3438 


= — R sin (long, of Moon - long, of Rahu) 

51 

_ R sin (4 (long, of Moon — long, of Rahu)) 

51 

since the difference is small. Computation of nati is explained 
in v. 26. 

MEASURE OF ECLIPSE AT A DESIRED TIME 

28. Find the difference between the time concerned 
(corrected with Iambana or parallax in the case of a 
solar eclipse) and the accurate time of the end of 
the syzygy (New/Full moon), convert into vinadikas 
and multiply by the rate of relative motion of the 
Moon with respect to that of the Sun. Convert it into 
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minutes. Find the square of this and add to the square 
of latitude and find the square root. Subtract the figure 
(in minutes) from half the sum of the samparkardha. 
The result is the amount of eclipse at the desired time. 
In the case of solar eclipse, the eclipse occurs in the 
direction of nati (parallax in longitude) and in the case 
of lunar eclipse, the eclipse occurs in the opposite 
direction. 

See figure 5.9 given below for the description of lunar 
eclipse. Consider the position M t ioi example. The distance BM ' 
is estimated assuming the motion to be perpendicular to the 
radius at the middle of the eclipse. This is only approximate. 



HALF THE DURATION OF THE ECLIPSE 

29. Find the difference of the squares of the latitude and 
half of the samparka, and extract the square root. 
Divide this by the rate of the relative motion of the 
Moon with respect to that of the Sun. The result is 
sthityardha or half the duration of the eclipse. 
Subtracting this from the time of syzygy and adding 
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this to that respectively, the times of first point of 
contact and last point of contact are obtained. The time 
of syzygy has to be corrected successively by the 
lambana, and the process has to be continued till 
concurrent figures are obtained. 

30. Thus the times of first point of contact and the last 
point of contact are obtained. In this way, the 
commencement of total eclipse, or nimilana , the 
end of total eclipse or unmllana and vimarda the 
duration of total eclipse can be determined. When the 
angular diameter of the Sun is greater than that of the 
Moon, the times can be calculated the same way and 
also the time for filling the periphery of the Sun (in 
the case of annular eclipse). 

We shall summarize the above details now. The theory 
of eclipses was known to Indians from the Vedic days. 
Varahamihira observes in Brhatsamhita (v. 8) thus: 

bhuccbayam svagrahane bhaskaramarkagrahe 

pravisatlnduh \ 

pragrabanamatah pascannendorbbanosca purvarddhat. || 

This means that the Moon enters the earth’s shadow during a 
lunar eclipse and the Sun’s region during a solar eclipse. That 
is why a lunar eclipse does not start at the West and a solar 
eclipse does not start at the East. 

In fact, Tandy a Brahmana gives the account of a solar 
eclipse which when properly interpreted gives the right theory 1 . 

Lunar Eclipse 

A lunar eclipse occurs when the Moon enters the shadow 
cone of the earth caused by the Sun. To compute the eclipse, we 
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need the angular diameter of the Moon, that of the section of the 
cone which the Moon passes through and the latitude of the Moon. 
These in turn depend on the longitudes of the Sun, the Moon 
and Rahu. For the lunar eclipse, the Moon is called chadya 
(grahya) and the earth’s shadow is called chadaka ( grahaka ). 
Half the sum of the diameters of the Moon and the section of the 
earth’s shadow is called samparkardha. The features of the lunar 
eclipse remain the same throughout the world and it can be given 
in terms of a universal time. But in ancient India, time was 
measured by the nadikas and vinadikas elapsed after sunrise or 
sunset, at the place and it had to be calculated for the place 
concerned. One can describe it in terms of I.S.T. now. But, the 
nadikas and vinadikas after sunrise and sunset would vary from 
place to place. 

The procedure for the computation of the lunar eclipse 
is as follows. A lunar eclipse occurs at a Full Moon. So the 
Full Moon or the exact opposition, which is the time of the 
middle of the eclipse, should occur at night for the middle of 
the eclipse to be observable. Find the exact time of opposition, 
when the Sun and the Moon differ by 180°. Find the sayana 
longitudes of the Sun, the Moon, Moon’s mandocca and Rahu. 
For Rahu, only the mean position is used in Indian Astronomy. 
As already pointed out, the desantara , cara and bhujantara 
corrections are required if the intention is to calculate the time 
according to traditional methods, in which the planetary 
positions are calculated for Lanka, the zero position and 
reduced to other places. In modern days, we can use the 
standard time for all these positions. In modern days geocentric 
longitudes are used and the parallax has to be used to know 
the nature of the eclipse. But parallax is not significant in a 
lunar eclipse. First of all, add six rasis to the longitude of 
the Moon. Then it will be equal to that of the Sun. This is for 
simplifying computations. The result is called sayana 
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samakala. Find the daily rates of motion of the Sun and the 
Moon and the difference. 

We find the angular diameters of the Moon and the section 
of the shadow. We also find the samparkardha. Find the latitude 
of the Moon, at the instant of sayana samakala or opposition. 
This corresponds to the middle of the eclipse. If the latitude of 
the Moon at the instant is more than the samparkardha , the 
eclipse does not occur. When the latitude is subtracted from 
samparkardha , we get the maximum obscuration ( paramagrasa ). 
By dividing this by the Moon’s angular diameter, the pramana 
(magnitude) of the eclipse is obtained. Find half the difference 
of the angular diameters of the shadow and the Moon. It is called 
bimbantarardha. If the latitude of the Moon is less than this, the 
eclipse will be total. We have now got the time of the middle of 
the eclipse. Now find sthityardha or half the duration of the 
eclipse. For that, square the latitude of the Moon, subtract from 
the square of samparkardha and divide by the difference in the 
daily motion of the Sun and the Moon. By subtracting this from 
the time of the middle of the eclipse, we get time of 
commencement called sparsa (the first point of contact). By 
adding this to the time of the middle of the eclipse, we get the 
end of the eclipse called moksa (the last point of contact). To 
get the total duration of the eclipse called vimarda, square 
latitude, subtract from the square of bimbantarardha and find 
the root. Divide by the rate of difference of motion of the Sun 
and Moon. This gives half the duration of the total eclipse 
(vimardardha). By subtracting from and adding to the time of 
the middle of the eclipse we get the beginning and the end of the 
total eclipse, which are respectively called unmllana and 
nimJlana. These figures are only approximate. The reason is 
that the longitude, the latitude, the daily rate of motion, and the 
angular diameters of chadya and chadaka change during the 
eclipse. To get accurate values, we use the method of successive 
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approximation. We have already got the time of commencement. 
This is only approximate. Find now the latitude of the Moon at 
this time, square it, subtract from samparkardha and find the 
root and divide by difference in the daily motions of the Sun and 
the Moon, and subtract this quantity from the time of the middle 
of the eclipse. If it is same as the earlier one accept it. Otherwise, 
continue till concurrent answers are obtained. Do it for the end, 
and commencement and end of totality (i.e., when the whole 
disc is obscure) also. 

The figure 5.9 gives the section of the shadow. M' is the 
position of the Moon at the commencement of the eclipse; with 
A as centre. M 2 M^ and A/are positions of the Moon imagined to 
move in a straight line till it reaches the middle of the eclipse. 
Let C be the centre of A/and i?that of the circular section of the 
shadow. ZACB is taken to be 90°. Then 

AC 

sthityardha =- 

Difference in the rates of motion 

__ 4ab 2 -BC 2 _ 

Difference in the rates of motion 

Since AB = samparkardha and BC is the latitude, we get 
the result used in the method. 

Solar eclipse 

In the case of solar eclipses, the procedure is more 
complex. As in the case of the lunar eclipse, find the sayana 
longitudes of the Sun, the Moon and Rahu. Find the exact time 
of conjunction. There is no need to add six rasis to the longitude 
of the Moon. Find the angular diameters of the Sun and the Moon. 
In the case of a solar eclipse, the Sun is the chadya ( grahya ) 
and the Moon is the chadaka (grahaka). The sum of the angular 
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diameters of the Sun and the Moon is the samparkardha here. 
But, the effect of parallax has to be found out. For this proceed 
as follows. 

Find the palangula for the place, and convert into vyangulas 
(1 angula = 60 vyangulas). Multiply half the palangula 
by 1287. This is called aksa and is actually equal to , 

where to is the obliquity. This can actually be verified by 
taking the height of gnomon to 12 angulas. Multiply the 
svadesaharaka = R sectp by 50 and divide by 81. Convert into 
seconds and divide by the difference in the daily motions of the 
Sun and the Moon. This is called natiharaka or bhedacit. 
This is equal to 

_ R _ 

hor. parallax x cos (p x sin co 

Then find cara, and pranakalantara for the longitude of 
the Sun (and of the Moon). Also multiply by six the nadikas 
elapsed after sunrise (at the time of the New Moon) and add 
it to the earlier figure to get kalalagna. Subtract three rasis 

from the sayana Moon, find carajya and harajya, equal to 
R( l-cos8) )/ 

-r. Add A of the svadesaharaka and add it to haraiya. 

There is no need to know the direction of harajya. It is 
always Tuladi. Find the cara and lambana haraka with 
appropriate signs. 

R 

Lambana haraka = - 

hor. parallax x cos (p cos A 

where A is the declination of the Sun corresponding to the 
longitude-90 0 . Add three rasis to the sayana Moon, find 
pranakalantara and correct it. Subtract kalalagna from that and 
find mahajya. Find lambana as detailed below: 
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Correct the earlier mahajya with carajya obtained earlier. 
Subtract three rasis from the Moon’s longitude and note the figure 
(a). Add three rasis to the Moon’s longitude, correct it with 
pranakalantara and subtract the kalalagna and note the figure 
(y). If the two figures (x and y) have the same direction, add 
them. Otherwise take the difference. Note the sign. Divide it by 
Iambanaharaka. It gives the nadikas etc., indicating lambana. 
This has the same direction as the mahajya corrected with cara. 
Lambana before the meridian passage of the Sun is negative and 
that after meridian passage of the Sun is positive and this is the 
first lambana and this needs the correction by iteration. For this, 
multiply the lambananadikas, by the Sun’s motion, and add the 
product to the rate of Sun’s change of longitude, multiply by the 
Moon’s daily motion and add the product to the Moon’s 
longitude, and add it to the time of New Moon. We now get the 
longitude of the Sun, the longitude of the Moon and time 
concerned. From the Sun’s longitude and the time, find the 
kalalagna. Subtract three rasis from the Moon’s longitude, find 
carajya, harajya, lambanaharaka tic., and repeat the process till 
the second lambana is obtained. This process has to be continued 
till two concurrent values are obtained and the value of lambana 
is stabilized. After getting it stabilized, correct the time of New 
Moon with that. It gives the time of the middle of the eclipse. 
Then subtract three rasis from kalalagna, find the mahajya and 
note the sign. If it is Tuladi add aksa. Otherwise find the 
difference and assign the appropriate sign. Divide this by 
natiharaka. The result is called nati or parallax in latitude. 
Correct the latitude of the Moon with this. This is a speciality 
for the solar eclipse. There is no eclipse if the latitude is greater 
than the samparkardha. The amount of obscuration is got by 
subtracting the latitude from samparkardha. The pramana also 
can be found out by dividing this by the angular diameter of the 
Sun. 
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To find the sthityardha, or half the duration, proceed thus. 
Square the latitude, subtract from the samparkardha and find 
the root. Divide this by the difference in the rates of motion of 
the Sun and the Moon. This is half the duration. By subtracting 
and adding to the time of the middle of the eclipse, the time of 
the beginning and end are obtained. Find for the time of 
commencement, the lambana and sthityardha as before. If it is 
more, add it to the time of New Moon; subtract if it is less. 
Subtract from that the new sthityardha. It gives the time of 
commencement of the eclipse. If it is the same as the earlier 
figure, accept it. Otherwise repeat the process till concurrent 
figures are obtained. In a similar way, the time of the end of the 
eclipse can be decided. 

Example : (1) Lunar eclipse. 

We consider the Kali year 5106, called Tarana. Since 
Rahu is in Mesa we can try this. The Full Moon day is 22nd of 


Mesa which corresponds to 4-5-2004. We shall first find the 
time of opposition, when the longitudes of the Sun and the Moon 
differ by 180°. We have the following data: 


3.5.2004 

4.5.2004 

Difference 

sayana longitude of the 

Sun at 5-30 A.M. I.S.T. 

43° 52' 

44° 50' 

0°58' 

sayana longitude of the 
Moon at 5-30 P.M. I.S.T. 

212° 02' 

226° 49' 

14° 47' 

Difference 

168° 10' 

181°59' 



The time of opposition is 
11°50' 

5 h 30 m + -—x24 h 

13°49' 
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= 5 h 30 m + 20 h 34 ra = 2-04 AM on 4.5.2004 


The sayana longitude of Rahu at that time = 41° 06' 


sayana longitude of the Sun = 44° 41' 

sayana longitude of the Moon = 224° 41' 

Longitude of the Sun - longitude of Rahu 


= 44<>41' -41°06' = 3°35' 

This is less than the difference in the daily motions of the Sun 
and the Moon. Therefore the eclipse is to be computed. 


The latitude of the Moon = 


(44°41'-41°06')x4 


- 17' 

We shall find the angular diameters of the Moon and the section 
of the shadow. 

The angular diameter of the Moon 


x 14°47' = 35'2 O' 


The angular diameter of the shadow 


15x887-48x58 


- 93' 


samparkardha 


35'20" + 93' 


= 64' 10" 


The latitude 17' < 64' 10". Therefore the occurrence of the 
eclipse is confirmed. 
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The maximum obscuration 

= samparkardha - latitude of the Moon at the middle of 
the eclipse 

= 64' 10"- 17'= 47' 10" 

Since it is greater than the Moon’s angular diameter, the eclipse 
is total. 

93'-35'20" 57'40' en „ 

bimbantarardha = ---- 28 50 

2 2 

This is more than the latitude 17' at the middle of the eclipse 
and hence eclipse is total. 

The rate of change of the difference of motion/hr 

14°47'-58' _ 13°49' _ ^ 

24 24 

c,.. J(64'10') 2 -17' 2 

Sthityardha = ---- 

J 34.5 


= l h 48 m 

Total duration = 2 x l h 48 m 
= 3 h 36 m 

First point of contact = (2 - 04) - l h 48 m 
= 12 h 16 m 

Last point of contact = (2 - 04) + l h 48 m 
= 3 h 52 m 

We shall find the commencement and end of totality. 
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bimbantarardha = 28' 50" 


vimardardha = 


V(28'50") 2 -17' 2 

34.5 


= 40 m 25 s . 

Time of nimilana or commencement of totality 
= 2 h 4 m - 40 m 25 s 
= l h 23 m 35 s AM 
unmilana or end of totality 
= 2 h 4 ra + 40 m 25 s 
= 2 h 44 m 25 s AM 
Duration of totality = 2 x 40 m 25 s 
= l h 20 m 50 s 

These figures are approximate. To get the exact values, 
the longitudes of the Moon, Rahu, latitude of the Moon, the 
angular diameters of the Moon have to be calculated again for 
the time of first point of contact and sthityardha has to be again 
calculated. If the new first point of contact is the same as earlier, 
it can be accepted. Otherwise, repeat the procedure till 
concurrent values are obtained. This has to be done for the last 
point of contact, nimilana and unmilana. Then accurate figures 
can be obtained. Moreover, in the method we used many 
parameters are not very accurate. It may give rise to errors. 
The actual figures are: 

First point of contact ( sparsa ) : 0 - 13 AM 
nimilana (commencement of totality): 1-21 
Middle ( madhya ): .2 - 00 


^mjcLaj-Ujtll€ixlL 



136 


sadratnamAlA 


unmllana (End of totality): 2-38 
Last point of contact (moksa)\ 3-42 

2) Solar Eclipse 

We consider 26 ,h karkataka, Kali 5101, called Pramathl. 
It corresponds to 11-8-1999. We have the following data. 

We shall calculate for Thiruvananthapuram (lat. 8° 29' 
N, long. 76° 59' E) 



11.8.99 

5-30 AM 1ST 

12.8.99 

5-30 AM 1ST 

Difference 

sayana longitude 

of the Sun 

137° 54' 

138° 52' 

58' 

sayana longitude 

of the Moon 

131° 51' 

145° 47' 

13° 56' 

Difference 

+ 6° 03' 

(—)6° 55' 



Difference in the rate of daily motion = 12° 58' 


Time of apparent conjunction = 4-42 P.M. 

Sayana longitude of the Sun = sayana longitude of the Sun 

at conjunction = 138° 20' 

sayana longitude of Rahu = 132° 38' 

4x(138° 20'-132° 38') 

Latitude of the Moon = - 

51 

= 27' ( Mesadi ) 

We have to get the lambana and correct the latitude with 
nati. 
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aksa = 


palahgula x 1287 
2 


_ 1.8x1287 
2 

- 1158' 


natiharaka ~ 


svade&aharaka X 50 X 60 
81 x 12° 58' 


_ 3476x50x60 
" 81x12° 58'x60 

= 165'.6 = 166' 

cara for the Sun’s longitude 


222x107 

-= -172 

138 


(Mesadi) 


= -2° 52' 

pranakalantara = + 149' = 2° 29' 

Nadikas and vinadikas after sunrise at the time of 
conjunction is 


(4-42 —6-18) x 5 

--- =26-00 

2 

kalalagna — 138.20 - 2°52'+ 2°29'+ 154° 12' 
= 292°9' 

sayana Moon - 3 ra£is = 48° 52' 
carajya for this = 172' = 2° 40' 
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17?(1-cos8) 

harajya - - 5 “ 

JJ 4 cos tp cos 5 

J_ 3438'(1-cos 18° 45') 

V cos8° 29'cos 18° 45' 

= 20.596 = 20.6 

harajya svadeiaharaka 3476 

2 4 4 

= 20' 6"+ 869 

= 889' 6" 

Longitude of the Moon + 3 rail's =138° 20' + 90° = 228° 20' 
pranakalantara for 228° 20' = -2° 29' (odd quadrant) 

228° 20' - 2° 29' = 225° 51' 

225° 51' - kalalagna 

= 585° 51' - 292° 09' 

= 293° 42' 

mahajya (293° 42') = 3167 ( Tuladi) 
mahajya + carajya= 3167 - 172' 

= 2995 (Tuladi) 


2995 

lambana = = 3" 22 v 

889.6 

= l h 21 m 


The lambana is not final. It needs to be corrected by successive 
approximation. However, we accept it as approximate value 
and proceed. Since it is after noon, the correction is additive. 
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The correct time of New Moon with correction for lambana is 
4 h 42 m + l h 21 m = 6 h 03 m 

140 , , 

Angular diameter of the Sun = ^y><58 = 32 21 

10 , , . 

Angular diameter of the Moon = ^J[ x836= 33 18 

o V 1 8 * 4- 7?' 71* 

samparkardha - --- = 32' 50" 

sMlyard ^ MEHl = 34-29- 

32.4 

Time of sparsa or first point of contact = 6 h 03 m ~ 34 m 29 s 

= 5 h 28 m 31 s 

Moksa or last point of contact = 6 h 03 m + 34 m 29 5 = 6 h 37 m 29 s 

These figures have to be made more accurate by successive 
approximation, by calculating the sthityardha based on the 
longitudes of the Sun, the Moon, Rahu and latitude at that time 
and repeating this till concurrent values are obtained. 

Half the difference in angular diameter is 

33'18'-32'21' 

- =28'.5 

2 

The latitude 27' > 28".5 and hence eclipse is not total. 
VALANA (DEFLECTION) 

31. Find the cara of the sayana Moon at the end of 
parva (syzygy). Then find the nadikas etc. elapsed at 



140 


sadratnamAla 


the time concerned (after sunrise or sunset) multiply 
by 6 and get in degrees, minutes etc. Correct this with 
the cara obtained earlier. Add three rasis to this and 
find its mahajya (i? sine). Multiply by aksajya and 
divide by trijya. Keep this figure. This is called 
aksavalana. Add three rasis to the sayana longitude 
of the grahya (Moon during lunar eclipse and the 
Sun during the solar eclipse). Find its krantijya 
and the corresponding arc (This is called ayanavalana). 
Add aksavalana and ayanavalana if they have the 
same directions and take the difference otherwise. 
Then valana is obtained. 

We shall discuss the rationale of the procedure. 



It is assumed that the Moon is on the ecliptic. In figure 
5.10, M gives the position of the Moon, Pand P' the poles of 
the equator and the ecliptic, ‘n s’ the horizon and QR the equator. 
Let Z.PMP' = 0. Let co be the obliquity. X - the longitude of the 
Moon, 8 = declination of the Moon. 

The ayanavalana = APMP'. From the spherical triangle 
PMP’ , we get 
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cos PP' = cos P'M cos PM+ sin P'Msin PM cos 8 
i.e., cos co = O.cos PM + 1 sin (90° - 5) . cos 9 
Therefore, 


cos co 
cos 0 = — 

coso 


Then 


sin 2 0=1 — 


cos 2 <0 
cos 2 8 



_ sin 2 co-sin 2 8 
cos 2 8 

_ sin 2 co —sin 2 (0 sin 2 A _ sin 2 co sin 2 A, 
cos 2 8 cos 2 8 

where A is the longitude of the Moon. 

Therefore 


sin0 


sin co cos A _ (-/?sinco)/?sin(90° +A) 
cos 8 Rcosd 


Since 8 is small we get as an approximation. 


_ (R sin co) R sin (90°+ A) 
sm - - 

the expression given for ayanavalana. 
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In the case of aksavalana, the expression is only 
approximate. The reasoning as understood from the commentary 
on Suryasiddhanta (Candragrahanadhikara, vv.24-5) is as 
follows. We need the APMN. When the body is on the horizon, 
it is equal to latitude (if the body is on the equator); when on 
the meridian it is zero. When the position is in between, using 
proportional parts, we get, 

R sin (90° + hour angle) x R sin <b 

RsmPMN =- 5 -—-— 

R 

The direction of the valana is positive or negative according as 
the angle is Mesadi or Tuladi. 

One has to find the algebraic sum of arcs corresponding 
to the two kinds of valana. 

DIAGRAMMATIC REPRESENTATION OF ECLIPSE 

32. Draw the East - West line and from the Western end 
mark off a distance equal to valana towards the North 
or the South as the case may be. From that point draw 
a line of 65' length parallel to the East - West line, 
and a similar line close to the East - West line towards 
the West. This shows the path of the shadow. Draw a 
line to represent the latitude in the concerned 
direction and the magnitude. This shows Moon’s path. 
Take a point and draw a circle with that as centre 
and the radius of the slower entity (Moon in the case 
of solar eclipse and section of the shadow in the case 
of lunar eclipse). Subtract the amount of obscuration 
from the samparkardha\ and mark off the distance by 
an arrow (to show direction) and with that as centre 
draw a circle with the radius of the Moon’s disc. The 
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eclipse can be visualized thus. Draw the Moon’s disc 
in the eastern direction if it is after the middle of the 
eclipse and on the west if it is before the middle of 
the eclipse. 

This gives a method for representation of an eclipse. 
Though it is common to both lunar and solar eclipses, it is 
described as though it is for the Moon. The picture would be 
like the following. 


Lunar Eclipse 
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The lunar eclipse starts on the eastern side and ends by 
the west. When the eclipse commences it is on the west of the 
shadow and when it ends it is in the east. 

Solar eclipse is not discussed in the commentary. But it 
is also possible to give a representation in that case too. 

COMPUTATION OF VYATlPATA 

33. Add to the longitude of the Sun twice ayanamsa and 
subtract it from 6 rasis and 12 rasis. If the longitude of 
the Moon is equal to one of these, carkrardhadosa 
is to be inferred. To compute vyatlpata, find the 
sayana longitudes of the Sun and the Moon. 

If x is the nirayana longitude of the Sun and y is the 
nirayana longitude of the Moon, then either 

x+2a + y = 180° . . . (i) 

or x+2 a + y = 360° . . . (ii) 

a being ayanamsa. In other words if x' and y' are the 
sayana longitudes of the Sun and Moon respectively, then 

x' + y' = 180° ... (iii) 

or r' +y =360° ... (iv) 

In either case they belong to different quadrants, but 
the declinations are equal in magnitude and sign in the first 
case, but equal in magnitude, but opposite in sign in the 
latter case. 

Vyatlpata is purely of astrological significance. Since 
astrological texts have forbidden vyatlpata for fixing auspicious 
times, it is computed. 
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34. Vyatipata lasts so long as the Sun and the Moon are in 
the opposite quadrants (one in the odd and the other 
in the even quadrant), in the course of their motion. 
The defect is practically similar to that of eclipses. 

In the case of eclipses the latitude of the Moon becomes 
sufficiently small to cause the eclipses. In vyatipata, the 
declinations become nearly equal, but the Sun and the Moon 
are in different quadrants. The comparison is only theoretical 
and no physical observation of the phenomenon is possible. 

35. Lata occurs at the star at the same distance from 
Purvasadha as Mula from the star occupied by the 
Sun. Vaidhrta occurs at the fourteenth star from that. 
In the Parahita system, the latitude of the Moon has 
to be multiplied by the correct rate of motion and 
divided by the mean rate of motion. In other respects, 
the method is as in the case of Drk system. 

Let the Sun be in Pusya. This means that the nirayana 
longitude of the Sun is between 93° 20' and 106° 40'. Then 
Mula is the twelfth star from it. Lata occurs in the 12th from 
Purvasadha i.e., Ro hint and vaidhrta occurs at Ardra. One should 
note that this is only a guess. 

The necessity of the Drk system is also stressed. Because 
of the inaccuracy of the latitude calculated in the Parahita 
system, it has to be multiplied by the true rate of motion and 
divided by the mean rate of motion. 

36. Find the latitude and the declination of the Moon, using 
that of the Sun. Add them or take the difference as the 
case may be (infra, v. 11). When it is equal to the 
declination of the Sun, vyatipata occurs, provided the 
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Sun and the Moon are in quadrants of different kinds. 
Find the angular diameters of the Sun and the Moon. 
Find half their sum ap'd if the difference in the 
declination is less than this, vyatlpata has already 
commenced. 

The auto-commentary emphasizes that the difference of 
even one minute is sufficient. There are two cases. The Sun and 
the Moon have the same declination (equal in magnitude and 
sign). In that case the sum of the sayana longitudes of the Sun 
and the Moon is 180°. In the latter case, the declinations have 
the same magnitude, but different signs. The sum of the sayana 
longitudes is 360° in this case. An approximate rule for guessing 
this is given. If the declination of the Sun is 5, then 0 < 8 < ( 0 , 
where co is the obliquity and the maximum is (£>. This happens 
when the Sun is in Mula. 

We should consider the commencement of sayana 
uttarayana day or winter solstice, which falls on December 
22nd. It happens when the sayana longitude of the Sun 
is 270°. Consequently, the nirayana longitude is around 
270°- 23°= 247° at present. This is when the Sun is in Mula. 
Equal distances from Mula on either direction corresponds to 
equal declinations, since the winter solstice corresponds to 
maximum declination. Thus the rule for the guess is justified. 
The fourteenth from this is the day for the other vyatlpata. It is 
called lata when the declinations have the same sign and 
vaidhrta when they have opposite signs. 

37. If in the process of finding the declination of the Moon, 
it becomes necessary to subtract the declination from 
latitude, then the Sun and the Moon are in different 
kinds of quadrants. If (equivalently) the declination is 
less than the latitude, the same result is inferred. 
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The declination of the Moon is found by finding the 
algebraic sum of the latitude and declination of the Sun in the 
same position, as the Moon. If the Sun is in the northern 
hemisphere, its declination is Mesadi and if it increases 
(numerically) it is Makaradi and if it decreases it is Karkyadi. 
Let us imagine that the Moon is also in the same hemisphere. If 
the declination is less than the latitude, then latitude decides 
the direction which is southern. This leads to a contradiction 
and it follows that the Moon is in southern hemisphere. 

38. When there is equality of declinations of the Sun and 
the Moon, there is no defect if the definition does not 
hold good. At the same time, if the definition holds 
good and at the instant before or after the defined time 
(sum of longitudes is 180° or 360°), the difference in 
the declination is less than half the sum of the angular 
diameters, there is vyatlpata. 

It is asserted that the two conditions necessary for the 
occurrence of vyatlpata are : 

(1) the sum of the sayana longitudes of the Sun and the Moon 
is 180° or 360° 

(2) the declinations are equal in magnitude. 

When these conditions hold, vyatlpata is in force so long 
as the difference in declinations is less than half the sum of the 
angular diameters of the Sun and the Moon. 

Half the sum of the diameters of the Sun is roughly taken 
as 32' (danta). When the difference in declinations is less than 
32' (dantona), vyatlpata occurs. 
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39,40. If the Moon is in an odd quadrant and the declination 
of the Moon is more than that of the Sun, then the 
time of equality is already over. If it is less, it is yet to 
come. After settling this, by knowing the result of the 
position of the Moon in even quadrants, proceed to 
find the required time. Find the latitude and 
declination of the Moon. If they have the same sign, 
add them, otherwise take the difference. This is called 
vartamanadanuh and is to be the divisor. Multiply the 
difference in the declination of the Sun and the Moon 
by the unit arc (225' or 360' as the case may be) and 
divide by vartamanadanuh. Correct the Moon’s 
position with this and multiply the correction by the 
Sun’s rate of motion ( bhasviya ) 2 and divide by the 
Moon’s rate of motion and correct the Sun’s position 
with this. Find the declination. If there is still 
difference, proceed further till concurrent figures are 
obtained, verifying at every stage, whether the 
position is above or below. 

It is now necessary to explain the procedure for finding 
the time of vyatlpata or the time of equality. 

One can guess the star in which vyatlpata is likely to occur 
first. Then find the sayana longitudes of the Sun, the Moon and 
Rahu at the beginning of the star. Find the declinations of the 
Sun and the Moon and note the difference. If the Sun and the 
Moon are in different quadrants and if declinations are equal, it 
happens at the time for which the results are computed, i.e., the 
beginning of the star (i.e., the end of the previous star). If it is 
less than half the sum of the angular diameters of the Sun and 
the Moon, the time of equality is either before or after that, 
which can be found out as detailed later. If they are in the 
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quadrants of the same kind and the Sun is in the first half, the 
time of equality is over and if the Sun is in the second half, the 
time of equality is yet to come. At this stage we have to push up 
or down to find the exact star. After deciding whether it is 
above or below, correct the longitude of the Moon by increasing 
or decreasing by 800’ as the case may be. This is called 

naraloka correction. The Sun’s longitude is increased or 
Sun’s rate of motion 

decreased by 800x-. For Rahu, make 1/20 

Moon’s rate of motion 

of the correction for the Sun in the opposite direction. Now we 
get the sayana longitudes of the Sun, the Moon and Rahu in 
beginning of the previous star or the next star. Find the difference 
in declinations. If they are still in the same quadrants, make 
one more correction to fix the star. Thus the Sun and the Moon 
can be brought to positions in which they are in quadrants of 
different kinds and the difference in declinations is less than 
half the sum of the diameter of the Sun and the Moon. At this 
stage we have to find whether the time of equality is over or yet 
to come. Before the time of equality, the difference decreases 
and afterwards it increases. Therefore a rule can be given thus: 
Of the two planets, the Sun and the Moon, one is in an odd 
quadrant and the other in an even quadrant. If the declination of 
the planet in the odd quadrant is more, then it is over. If the 
declination the planet in the odd quadrant is less, the time of 
equality is yet to come. In the first quadrant declination 
increases and if it is more and equal to a, and the declination of 
the other is b, the difference is a - b, which increases since a 
increases and b decreases. In a similar way the other cases can 
be discussed. 

We get the following rule from Karanaratna (I. 54) : 

ravikranterbhujaccandro mahamscettadgato dhruvam | 

alpah koti sasl tadvad viparlte viparyayah || 
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This means, 

“If the bhuja of the Moon’s longitude is greater than 
that of the Sun with the corresponding declination, then vyatlpata 
is already over. If the koti of the Moon’s longitude is less than 
that of the Sun, the same is the result. The reverse is the 
case otherwise.” 

This is equivalent to what we have given earlier. 

Now we have fixed the star and also know whether 
the time of equality is earlier or later. We have at our disposal, 
the longitudes of the Sun, the Moon and Rahu and the 
declination of the Sun and the Moon. Find the declination 
of the Moon by adding or subtracting the latitude and the 

declination from the Sun’s table. This is called vartamanadanuh. 

d \ 

Let it be v. Let the difference in declination be d.. Find — x 225 
d l v 

or — x 360 according as the divisions of jyas is into 24 or 15. 

Add this to or subtract from the longitude of the Moon as the 

case may be. For the Sun, multiply the Moon’s correction by 

the Sun’s rate of motion and divide by the Moon’s rate of motion. 

Then, make the correction with this. For Rahu, find 1 /20 of the 

Sun’s correction and do it in the opposite direction. Find the 

difference in the declinations of the Sun and the Moon. 

If they are still different, and the difference is d 2 , find 

— x 225'or — x 360'as before and proceed. Continue the 

V V 

procedure till concurrent values are obtained. 

This procedure is not followed in other books (Pancabodha, 
V.5). The usual method is this. Find the declinations and 
the differences at the beginning of the star, say 8 ( and 
8 r Find |8J + |8 2 |. Choose the smaller of 8,, and 8 2 . We now 
want the time of equality of declinations. For the Sun find 
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60 xmin{ 8 1 ,5 2 } 800 x min {5, ,S 2 } 

j^j^j . For the Moon find jsjTjs^j and 

incorporate the corrections in their longitudes. Then again find 
the declinations and if the equality does not occur, proceed 
further till equality is obtained. 

The present author Sankaravarman’s method is slightly 
different from the usual method. The usual method is 
straightforward, successively applying the rule of three. / is a 
real-valued function whose domain is a sub set of R, the set 
of real numbers. The value of f(t ) is known and we have to 
find f(T). Sankaravarman, chooses some AT and constructs a 
sequence /(/,), f(t 2 ) . . . , f(tj, using K, such that \f(T) - 
f(t)\, \f(T) - f(t 2 ) | decrease successively. This is his usual 
style as evidenced by his method ( infra v.ll). One cannot 
pronounce any opinion on this without proper analysis, except 
that he has devised a method of his own. 

Just like eclipses one can define the beginning (sparsa), 
middle ( madhya ) and end ( moksa ) for lata and vaidhrta for 
vyatlpata. There are different kinds of vyatlpata. 

(1) Sampurna (Full) 

If the beginning, middle and end occur for a vyatlpata it is 
called full. 

(2) Samoksa (vyatlpata with the end) 

When it is found that the vyatlpata ends in a star and on 
working back it is found that the Sun and Moon are in quadrants 
of the same kind, before reaching the middle, this is called 
samoksa. 

(3) Sasparsa ( vyatlpata with beginning) 

If it is found that the difference in declination decreases 
when the Sun and the Moon are in quadrants of different kinds, 
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and before equality and in the end they come to quadrants of 
the same kind, then it is called sasparsa. 

(4) Apamocana (vyatlpata without the end) 

When it happens that the Sun and the Moon are in 
quadrants of different kinds and the difference in declination 
decreases to zero, increases but before the end the Sun and the 
Moon come to the quadrants of the same kind, it is called 
apamocana. 

(5) Asparsa (vyatlpata without the beginning) 

If it is found that the vyatlpata is over and when worked 
back, the Sun and the Moon come to the quadrants of the same 
kind before reaching the middle, it is called asparsa. 

(6) Antaragatam (internal vyatlpata ) 

If it is found that the difference in declination vanishes 
when they are in the quadrants of the same kind and when 
worked forwards and backwards they satisfy the definition of 
vyatlpata , it is called antaragata, a vyatlpata without the middle. 
This happens when the middle is at the end of a quadrant which 
is also the beginning of another quadrant. 

(7) Samadhya (with the middle) 

If it happens that the Sun and the Moon have equal 
declinations, but when worked forwards and backwards they do 
not satisfy the definition, it is called samadhya. 

(8) Asambhava (impossible) 

When it is found that that vyatlpata is ahead oi over and 
when worked forwards or backwards, the Sun and the Moon do 
not satisfy the definition, it is called asambhava. 

Example: We shall calculate vyatlpata for September/ 
October 1991. 
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This corresponds to Simha in 1167 M.E. (MalayalamEra). 
Let the Sun be in Magha. Then Mula is the 10th star. 10th star 
from Purvasadha is Bharanl. We shall calculate for Bharanl 
first. 

(1) End of Bharanl aX 3-45 PM 1ST on 31.8.1991 
Sayana longitude of the Moon = 50° 24' 

Sayana longitude of the Sun = 157° 37' 

Sayana longitude of Rahu = 262° 27' 

Declination of the Sun = 535' 

Declination of the Moon = 1130' 

Difference = 1130' - 535' = 595' > 32' 

Vyatlpata has not commenced. The Moon is in odd quadrant 
and the Sun in an even quadrant. But the difference in declination 
is increasing. Therefore we shall try the previous day. 

(2) End of Asvinl 30.8.1991 4-08 PM 1ST 


Sayana longitude of the Sun = 156° 38' 
Sayana longitude of the Moon =37° 04' 
Sayana longitude of Rahu = 262° 42' 

Declination of the Sun = 574' 

Declination of the Moon = 1023' 


Difference = 1023' - 621' = 402' > 32' 
The conditions are as in (1). 

We try the previous day. 

(3) End of Revatf 29.8.1991 4-10 PM 1ST 

Sayana longitude of the Sun =155° 29' 
Sayana longitude of the Moon = 23° 44' 
Sayana longitude of Rahu = 263° 40' 
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Declination of the Sun =613' 

Declination of the Moon = 802' 

Difference = 802' - 613' = 89' > 32' 


The position still continues. We shall try the beginning of Revati. 


28.8.1991 4-31 PM 


Sayana longitude of the Sun 
Sayana longitude of the Moon 
Sayana longitude of Rahu 
Declination of the Moon 


= 154° 31' 
= 10° 24' 

= 263° 46' 
= 605' 


Declination of the Sun = 660' 

Difference = 660' - 605' = 55' > 32' 


But the planet with greater declination is in an even 
quadrant. Therefore the difference is decreasing. Moreover the 
Moon is still in an odd quadrant. Therefore the definition holds 
good. Vyatlpata is yet to take place in Revati. 


COMPUTATION OF COMBUSTION 

41. The points of combustion for the Moon onwards are 
12 °(sreyah), \l G (satya), 13 °(gaya), 15 °(payah), 
9°(dhana), 15° (saka) respectively. The maximum 
latitudes of these are 270' (nissara), 90' ( andha ), 120' 
(nireka ), 60' [nlti], 120' ( niraya ), 12' ( tray a). 
The patas are nodes having longitudes 1° 10' (nayaka), 
0-20' ( netra ), 0-20' ( nakra ), 0-2' (ruk), 2°-01 
(Jnasrlh), 3° 10' (nakula). Subtract the longitude of 
the node from that of the longitude, multiply by the 
maximum latitude and divide by trijya. The result 
is the latitude of the planet. 
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Combustion is a position when the planet comes near the 
Sun apparently and becomes invisible. The points at which it 
starts are given. They vary with the planets. If ./Vis a node, P is 
a planet and Z>the foot of the secondary through P on the ecliptic, 
maximum latitude = PND. From the spherical triangle PND, 


sin PND = 


sin (lat.) 


sin (long, of the planet - long, of Node) ' 

Since the angles are small sin PND is taken to be PND. 
R sin PND = PND in minutes 
Therefore we get, 

3 

Latitude = Max. latitude x sin (long, of the planet - long. 

of Node) 

_ Max.lat.[/?(sin long, of the planet - long, of Node)] 

R 


P 



42. Subtract the longitude of the Node from Sighrocca 
for Mercury and Venus, from the third longitude 
in the case of Mars, Jupiter and Saturn and from 
true longitude in the case of the Moon. Find its jya, 
multiply by the maximum latitude and divide by 
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trijya. In the case of the Moon it is the accurate 
latitude. For others subtract the longitude of Node 
from sighrocca, find the lunar jya and multiply the 
earlier figure by that. Another method is to subtract 
sighrocca from the penultimate longitude find the 
lunar jya and divide latitude obtained by that. 

43. In Parahita system, the method is to subtract the 
longitude of the node from the longitude corrected 
by mandaphala and then find the latitude. Then note the 
jya segment in the last slghra correction. Then add to or 
subtract from this, 225' according as the last jya 
segment referred to is Karkyadi or Makaradi. Multiply 
by the latitude and divide by 225'. 

The term mandasphuta has been defined in the auto¬ 
commentary as follows: When the mean position is corrected with 
mandasamskara, the result : s called mandasphuta. For Jupiter, Mars 
and Saturn correct with mandaphala. For Venus and Mercury find 
sighrocca and correct it by mandaphala. In either case find the last 
slghrajya segment and note whether it is Karkyadi or Makaradi. 

In works like Pahcabodha there is some difference. The 
latitude needs to be corrected and different methods are followed. 

First the author suggests finding the latitude and dividing by 
lunar jya. In this stanza that is not emphasized. Nor does the auto- 
commentary explain this with clarity. It appears that there are three 
different ways of finding the correct latitude of the Moon according 
to the author of the present work. 

It is mentioned in stanza 42 that the accurate latitude can 
be obtained by multiplying the lunar jya arising out of the value 
obtained by subtracting sighrocca from the true longitude, by 
the latitude obtained earlier. It is also mentioned that accurate 
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latitude can be obtained dividing the latitude by the lunar jya 
arising out of the value obtained by subtracting slghrocca from 
the penultimate value of the longitude. The true and the 
penultimate longitudes do not differ much. The slghrocca is only 
the mean Sun. Thus the lunar jya can be the maximum possible. 
In one case we divide by that and in the other case we multiply 
that. How can both be true? Multiplication may lead to an inflated 
figure. The maximum naronvadijya is pannagah (301'). Division 
sounds more appropriate. Even the auto-commentary is not 
helpful here. 

44, 45. Find the sayana longitudes of the planet and the Sun. 
When the Sun’s longitude is less, find the sayana 
longitude of the planet and kalalagna in the morning. 
When the planet’s longitude is less, do it for the sunset. 
Find the latitude of the planet and find the sum or 
difference of this and the declination, as required. Using 
this declination, find cara of the planet. It can be found 
out using the figures for Lokamalayarkavu, dividing 
by 692 ( raddhanta ) and multiplying by the phalabha 
of the place. Subtract three rasis from the planet’s 
longitude, find its latitude multiplying by the lunar jya 
and dividing by 674 ( vasanta). Add to or subtract from 
the longitude of the planet as the case may be. This is 
called darsanasamskara. Correct the kalalagna with 
cara and add six rasis and correct with cara in the 
opposite sign in the evening. Correct the planet’s 
position with cara and pranakalantara. If the difference 
between kalalagna and the planet’s position is less than 
the bound for combustion, the combustion has already 
started. Otherwise, it is yet to commence. 
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The exact time can be obtained by rule of three. 

Combustion or mautfhya occurs when the planet apparently 
comes near the Sun. The difference in the longitudes (nearly) of 
the planet and the Sun is given in the beginning of the section. 
The beginning of maudhya is called astamaya (heliacal setting) 
and the end is called udaya (heliacal rising). For Mercury and 
Venus combustion occurs twice, in the course of their synodic 
periods (synodic period is the time taken by the body to revolve 
once in the sky relative to the Sun). During direct motion it 
occurs once and occurs again in retrograde motion. For Mercury 
the combustion during direct motion lasts for nearly 32 days. 
After this, the combustion during retrogression starts about 34 
days later and lasts for about 16 days and direct motion once 
again starts after about 34 days. For Venus also the phenomenon 
is similar. For Mars, Jupiter and Saturn combustion occurs for 
about a month once a year. For Mars, Saturn and Jupiter the 
beginning of combustion is calculated for sunset and end for 
sunrise. For Mercury and Venus, the same procedure is adopted 
during direct motion and it reversed during retrogression. For 
the Moon, the beginning is calculated for sunrise and the end for 
sunset. 

SRNGONNA TI (ELEVATION OF THE MOON’S HORNS) 

46. In the computation of srngonnati all calculations of 
moon’s shadow, have to be done in Drk system 
after getting the second Moon. The latitude of the 
Moon is not required. 

In the following verse the phases of the Moon are found 
out, when less than half of the lunar disc is illuminated 
(Suryasiddhanta, 20.10.14 comm.) 
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47. Find the longitude of tithi, multiply the latitude of the 
Moon by the smaller of R sine and R cosine of 
tithisphuta and divided by the larger. This is called 
viksepa valana. If the longitude of the tithisphuta is in 
the odd quadrant, this has the same direction as 
viksepa. Otherwise, it is the opposite. Subtract the 
longitude of the second Moon from kalalagna 
increased by three rasis, find its R sine, multiply by 
aksavalana. The sign depends on that of the R sine. 

Tithisphuta is obtained by subtracting the sayana 
(nirayana) longitude of the Sun from that of sayana ( nirayana ) 
longitude of the Moon. In this section, sayana longitudes are 
defined. But it is mentioned in the commentary that the sayana 
Sun is to be subtracted from the second Moon to get tithisphuta. 
Throughout the section only the second Moon is used. 

48. Find the R sine of the declination of the Moon 
corresponding to the longitude increased by three 
rasis and find the ayanavalana. Find the algebraic 
sum of arcs of aksavalana, ayanavalana and viksepa 
valana. Find its R sine, the angular radius of the Moon 
and multiply by that. Divide the former result by the 
latter. The result in minutes gives srhgonnati. 

49. Subtract the Sun’s longitude from that of the Moon, 
find its R cosine. Subtract from R if it is Makaradi 
and add to it if it is Karkyadi. When it is multiplied 
by the angular radius of the Moon and divided by 
trijya, the sitamana or measure of the white part is 
obtained. Find the difference between sitamana 
and the radius of the Moon. This is called sara. Square 
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the angular radius of the Moon and divide by sara 
and add it to sara. Half of this is called sutra. 

Thus we have five important components - the radius of 
the Moon’s disc, srngonnatiin angular measure, sitamanangula, 
sarangula and sutrangula. 

50. Mark the East - West line. From the radius showing 
the direction, measure in the concerned direction, 
according to the nature of the Moon (waxing or 
waning), a length equal to srngonnati, and mark it; 
in the opposite direction mark a point at the extremity 
of the diameter passing through the centre. Mark a 
point inside that, at a distance equal to sitamana 
and draw a circle passing through the three points. 

The auto-commentary is vague and does not give the 
procedure with clarity. The idea is to represent the Moon’s horns 4 . 
We can guess from the verse that the method is quite similar to the 
one in TantrasaAgraha (VUI. 26-35) which we detail below :- 

Draw a circle with the compass with radius equal to the 
angular radius of the Moon to represent it. Let M be the centre. 
Draw two lines EW and NS through M to represent the East - 
West and North - South line. These divide the lunar disc into 
four parts. Then mark in the direction of the Sun a point P on 
the circumference at a distance (measured by the chord) equal 
to srngonnati from the west point in the side occupied by the 
Sun. Mark another point Q diametrically opposite to that at the 
same distance from the east point and draw the diameter joining 
them. Then draw circles with these two as centres and draw a 
line joining the points of intersection. This is called tiryagrekha. 
Then measure a distance from the bottom of the tiryagrekha 
(vertical line) equal to sitamana and mark the point R. Draw a 
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circle passing through the three points. Then we get the picture 
of the Moon as we see below. 



E 


*4 

Sun 


Figure 5.12 

51. By the grace of Sri Lokamba, the methods of 
Pancabodha have been described by me. Those 
who read this realize the quintessence of the well- 
known mathematical methods. Let Lord Krsna who 
manifests as direction and time and whose sport 
manifests as time and mathematical knowledge, 
enhance our prosperity. 

In the concluding verse of the chapter he pays obeisance 
to Sri Lokamba, the tutelary deity of the family. He also prays 
to Lord Krsna to shower prosperity. He observes that Lord 
Krsna manifests as time and direction (time and space, more 
explicitly) and all the heavenly movements are caused by His 
will. He is the creator and the material cause of the Universe 
(upadana and nimitta Parana) 5 . 
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NOTES 

1. S. Madhavan, Models in Indian Astronomy {National seminar on Indian 
Intellectual Tradition, Sree Sankaracharya University of Sanskrit, 2004). 

2. The term ‘bhasvTya’ used in the sense of “relating to the Sun”. It can 
be explained thus: bha svam yasya sa bhasvah suryah (one whose 
wealth is radiance is the Sun). Bhasviyam means relating to the Sun 
using the sOtra - vrddacchah (Astadhyayi , IV.2.114). 

3. See Chapter VI for details regarding latitude. 

4. When less than half the lunar disc is illuminated, it appears to have 
horns. This is from ekSdaii of Krsnapaksa to paAcami of Suklapaksa 
(Eleventh tithi of the dark half to the fifth tithi of bright half). (See 
Pancabodha, 8.1, comm.). PQEN is the illuminated part. See fig. 5. 12 
related to Krsnapaksa. For Suklapaksa corresponding changes are needed. 

5. The opening verse of Nllakantha Somayajin’s TantrasaAgraha 
worships Visnu, who is the cause of the Universe and the Supreme 
Effulgence : 

he visno nihitam krtsnam jagattvayyeva karane \ 
jyotisam jyotise tasmai namo narayanaya te || 

The creation of the Universe is his sport, as has been observed by 
Vedantadesika in his kavya, Yadavabhyudaya (1.3) thus: 
krfdatulikaya svasmin krparusitaya svayam | 
eko vi&vamidam citram vibhuh Srimanajijanat || 

“The unique omniscient Lord who is always with goddess Laksmi, 
painted the variegated Universe on Himself (or Universe, which is a 
picture), with His sport as his brush, smeared with mercy”. 

That Time is a manifestation of the Supreme Being is a 
well-known concept. The idea is contained in the following verse 
from Yadavabhudaya (VIII.2): 

anekarupaih svayamekarupah kalatmakam rupamakalakalyah | 
rtuprabhedairanubhuya reme ramasakho ramamanuprayatah || 

“One who has himself a unique form, and who is not affected by 
Time assumed the form of Time with several forms caused by the 
change of seasons and enjoyed himself with lovely women following 
RSma (Balarama)”. 
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The content is that Lord Kr$na assumed the form of Time 
with seasonal changes and made the lovely women and Balarama 
happy. Appayya Dfksita, while commenting on the verse observes 
thus: 

“tatah kalatmako yo’sau tavam&ah kathito hareti" - ityadau 
bhagavatah kalarupabhedatvam prasiddham \ 

This means that from the statement ‘Then, that which has the 
true form of Time, is thy manifestation, O! Hari’ the Lord’s assumption 
of the form of Time is well known. 

It is also said that Time is the one with form and without 
form, that performs the cosmic functions of creation, protection 
and destruction as evidenced by Maitrayariyupanisad (VI. 14): 
kalat sravanti bhutani kalad vrddhim pray anti ca | 
kale castam niyacchanti kalo murtiramurtiman || 
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CHAPTER VI 
PARAHITAGANITA 


As the title indicates, this chapter deals with the Parahita 
methods of computation. This chapter also discusses a further 
revision given in Kali 4708 (1607 A.D.).The need for periodical 
revision of astronomical constants is also stressed. 


ARYABHATA’S FIGURES FOR THE BHODINA, 
REVOLUTIONS ETC. 

1. The astronomical treatise written by Aryabhata 
in Kali 3623 (522 A.D.) gave well-nigh accurate 
results, whereas the Siddbantas of Brahma and 
others became inaccurate. In this system, the 
number of civil days in a catuiyuga is 1577917500 
(nrnamatsatkelisarthasayah ). The number of 
revolutions of the Sun, Mercury and Venus is 43, 
20 , 000 . 

The length of the solar (sidereal) year 


1577917500 

4320000 


= 365 . 2586805 days 


The modern figure is 365.2563604 


2. The number of revolutions of the Moon is 57753336 
( sadbalagunasusrnih ); of Saturn is 146564 
(svetamattebhapatnl)\ of Jupiter, is 364224 
(viprendro vrttilagnah)\ of Mars, is 2296824 
( jvaradisudhikharahy, and of the Moon’s nodes (Rahu 
and Ketu) is 232226 ( citrarekhambarah ), of the apogee 
of the Moon, is 488219 (dhikkuru hrdaghamY, of 
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sighrocca of Mercury, is 17937020 (jhasrlnatho 
buddhisevyah) and of the sighrocca of Venus, is 
7022388 (hrdigururinasuh). For Mars, Saturn and 
Jupiter, the sighrocca is the same as that of the 
mean Sun. 

PARAHITA SYSTEM 

3. The number of revolutions of a planet (in a mahayuga) 
multiplied by the number of Kali days elapsed and 
divided by the number of days in the mahayuga 
gives the number of revolutions elapsed. The 
remainder, when divided successively by 12, 60, 60 
gives the mean position in rasis, degrees and minutes. 

In the year Kali 3785 (683 A.D.), it was decided by wise 
men to introduce the correction called Parahita (in the 
interest of others) for all planets other than the Sun, in 
view of the difference between the observed and computed 
positions. 

The first part of the stanza gives the method of finding the 
mean position of a planet. Accordingly, the mean position 

No. of Kali days elapsed x No. of revolution s in mahayuga 
No. of days in mahayuga 

For example, we shall find the mean position of the 
Moon when 186000 days in Kali are over. The mean position 
186000x57753336 

of the Moon = — i 5 77 9 i 7 so 0 —= 6807.78335749 bhaganas 
(approximately) when reduced to minutes this works out 
12920'.521784. 

In the second half it has been observed that Parahita 
system was introduced in the year 3785 Kali (683 A.D.). The 
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author has also observed that Aryabhatiya was composed in 
the year Kali 3623 (A.D. 522). The basis is the following 
Aryabhatiya (in. 10): 

sastyabdanam sastir 

yada vyatitastrayasca yugapadah | 
tryadhika vimsatirabda 

stadeha mama janmano’titah || 

This can be interpreted in two different ways - 

(i) ‘For me who was born when three quarters of a 
mahayuga (Krta, Treta and Dvapara ) and 3600 years were over, 
twenty-three years were over at the time of composition of 
the work’. 

(ii) ‘When three quarters of the mahayuga (Krta, Treta 
and Dvapara ) and 3600 years of Kali were over, 23 years 
were over since my birth’. 

According to the first interpretation, the work was written 
in 3623 Kali, when Aryabhata was 23 years of age. The second 
suggests that he completed 23 years of age in 3600 Kali. 

Varahamihira’s reference to 427 saka (505 A.D.) in 
Pancasiddhantika (1.11) indicates that it was written 
around 505 A.D. or after that. But Varahamihira in his 
(Pancasiddhantika XV. 20) refers to Aryabhata and consequently 
this work can be placed only after the date of composition of 
Aryabhatiya. 

Even when Aryabhata introduced the system, there were 
some shortcomings. As days advanced, the errors manifested in 
a spectacular way and the assembly of scholars who met in 
Tirunavay in 683, at Mamankam (mahamagha), a twelve-yearly 
festival, promulgated the new system of Parahita to rectify the 
Aryabhatan system. Haridatta’s (650 - 700 A.D.), Grahacara 
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nibandhana (XV. 20) deals with the Parahita system. A correction 
introduced therein was the sakabda samskara or bhata samskara. 

Whatever be the date of composition of Aryabhatiya, 
the correction in the opinion of the scholars was only from 3623 
Kali. 


Sakabda correction 

4. From the Kali year subtract 3623 (gotratuhga). 
Keep the figure. Multiply it by 420 ( nirudhl ) and 
divide by 235 ( magara ). This is in minutes to be 
added to the slghrocca of Mercury. Multiply the 
figure retained by 20 (nakha) and divide by 235 
(magara). This is minutes. Convert into degrees etc. 
and add it to the mean longitude of Saturn. Multiply 
the figure by 45 (Subha) and divide by 235 (magara). 
This is in minutes. Convert into degrees etc. and add 
it to the mean position of Mars. Multiply the figure 
by 47 (savana), divide by 235 (magara). This is in 
minutes to be subtracted from the mean position of 
Jupiter. Multiply the figure by 153 (ganaka) and 
divide by 235 (magara). This is in minutes to be 
subtracted from the slghrocca of Venus. Multiply the 
figure by 9 (dhl), divide by 85 (mada) and subtract 
from the mean Moon. Multiply the figure by 65 
(santi ), divide by 134 ( vilaya) and subtract from the 
mandocca of the Moon increased by three rasis. 
Multiply by 13 (sloka), divide by 32 and subtract 
from Rahu’s position, decreased by 6 rasis. These 
are the correct Parahita positions. 

Because the Aryabhatan system did not give accurate 

results, a Sakabda correction was introduced as indicated earlier. 
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The Sun is excluded from corrections. From the Kali 

9 

year subtract 3623. Let the remainder be r. Multiply r by — and 
add it to Moon’s madhyama (mean longitude). Multiply r by — 
and subtract from the Moon’s mandocca increased by 3 rasis and 
so on, using the multiplicants: 

9 65 13 420 45 47 153 20 

, , ,4" ,4“ , , and 4 

85 134 32 235 235 235 235 35 

Moon’s mandocca increased by 3 rasis. Moon’s node 
decreased by 6 rasis. Mars, sighrocca of Mercury, Jupiter and 
slghrocca of Venus and Saturn respectively. 

Haridatta suggests in his Mahamarganibandhana (m.44) these 
corrections. But according to him 444 has to be subtracted from the 
Saka year. Since Saka year is lunar and Kali year is solar, there is 
some difference though not significant. 

5. Find the sayana longitude of the Sun and the cara. 
For finding the duration of the day, the whole of cara 
has to be used. For other times, find the number of 
gatis etc. elapsed. If it exceeds 15 subtract 15. 
Otherwise retain it as it is. Multiply this by cara and 
divide by 15. The sign of cara during night is opposite to 
that in day. There is no cara at noon or midnight. 

Cara is the ascensional difference and sin cara = tan cp 
tan 5, where 9 is the latitude of the place and 8 is the declination 
of the Sun. 

gAKABDA CORRECTION AT THE DESIRED TIME 

6. To get the positions of planets at a place with latitude cp 
(>0) one has to find the desantara correction. Sun’s 
mandaphala, and cara for the sayana Sun and get the 
position of the Sun at sunrise. By multiplying the time 
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elapsed since the sunrise by the rate of motion and 
adding to it the longitude (mean or true) at sunrise the 
longitude (mean or true) of the planet at the desired 
time is obtained. On the other hand, to get the moments 
of beginning or end of tithi, the corrections, desantara, 
cara, pranakalantara etc., are to be done in the 
opposite direction ( tulamsa ). 

While finding the mean positions as described earlier, 
the mean positions of the planet at the rising of the mean Sun at 
Lanka are obtained. To get the positions at a place of latitude 
(p (>0), corrections have to be effected. We need first of all the 
true Sun. This is done by adding the mandaphala. Desantara 
correction is effected to get the longitude corresponding to the 
(terrestrial) longitude of the place. Cara correction is for adjusting 
to the sunrise of the place. For any planet, the time elapsed 
since sunrise has to be multiplied by the rate of motion and used 
for getting the position at the desired time. For finding the mean 
longitude of the planet mean rate of motion should be used and 
for finding true longitude, the true rate of motion has to be used. 
Thithisphuta is obtained by subtracting the longitude of the Sun 
from that of the Moon. Since the times for fixed longitude have 
to obtained, the corrections have to be reversed in sign. 

7. The computation of the position of a planet at a time 
can be done by this method or many other methods. 
But the pranakalantara of the diurnal duration as given 
by Parahita system is to be avoided. 

The auto-commentary explains that the corrections can 
be effected to the mean position and true position can be 
obtained. One can also find the true position and effect the 
corrections. 
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MANDOCCAS (APOGEES) OF PLANETS 

8. The mandocca pf'the Sun is T 1 8° ( daityarih). Those of 
Mars, Mercury, Jupiter, Venus and Saturn are 
respectively 3 r 28° (jaragah), 7 r 0° (nanartha), 6 r 0° 
(ananta ), 3 r 0° (anahga) and 1 T 26° {sadrasa). 

Mandocca or the apex of slow motion corresponds to 
Apogee or Aphelion. Except for the Moon, it is a point which is 
practically fixed. 

These figures tally with those given in Pahcabodha (IV.2). 
The figures are precisely the longitudes of mandoccas. 

MANDAPAR1I)HIS AND SlGHRAPA RIDIIIS 

9. The first and last values of paridhis (circumferences) 
of mandvrttas for Mars, Mercury, Jupiter, Venus and 
Saturn are respectively, 14 and 18, 7 and 5, 7 and 
8, 4 and 3 and 9 and 13. 

For calculating the mandaphala of a planet the procedure 
is this. If l is the mean longitude, and AT is the mandocca, the 
mean anomaly is t - K= m (say). Then 

the dohphala (or mandaphala, since the arc is small) 

a . . . 

= —x(-^sinm) in minutes, 

80 

where R = 3438. It is for the computation of dohphala, 
mandaparidhi is given. 

In Aryabhatan school, the mandaparidhi is not fixed for 
Mars, Mercury, Jupiter, Venus and Saturn. They have variable 
values. The values given correspond to 0 - 90°, 90° - 180°. 
These are repeated for 180°- 270°and 270°- 360°. So one has 
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to calculate the mandaparidhi, for a given value of m. The 
procedure is given in stanza 11 below. 

In Suryasiddhanta (II. 18), the Sun and Moon have variable 
mandaparidhis. This amounts to the orbit consisting of two 
ecliptic arcs, a unique feature of the Siddhanta. This has been 
studied in a paper of S. Madhavan , 

10. The first and last values of slghraparidhis of Mercury, 
Jupiter, Venus and Saturn are 53 and 51,31 and 29, 
16 and 15, 59 and 57 and 9 and 8 respectively. 

The five planets other than the Sun and the Moon require 
a Slghra correction also. For this purpose, the circumferences of 
the slghravrttas are given. 

FINDING THE ACCURATE CIRCUMFERENCES 
OF VRTTAS (EPICYCLES) 

11. To find the accurate value of the circumference, find 
the difference between the two values multiply by 
R sin m, where m is the mean anomaly, and divide by 
R. Add to or subtract from the second value according 
as the required value is less or more than the first value. 

This requires some explanation. If the first value is a t 
and the second value is a 2 then the accurate value is a, if 
m = 0, equal to a 2 , if m = 90° equal to a { when m = 180° 
and equal to a 2 when m = 270°. Find |a - aj R sin m and divide 
by R. The result is |a 2 — aj sin m. Add it to or subtract from 
a 2 according as a x < a 2 or a ( > a 2 . The correction is always for a { . 

12. The accurate circumferences of the mandavrttas 
of the Sun and the Moon are respectively 3 ( ganam ) 
and 7 ( sunam ). The mandaphala is obtained by 
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multiplying the accurate circumference by R sine of 
mandakendra and dividing by 80. 

Let £ be the mean longitude of the Sun and K the 
longitude of mandocca. Then the mandakendra or mean anomaly 
= m - £ -K. Mandajya = (R sin m) and mandaphala = % 0 
(7?sin/n). 

Strictly speaking, mandaphala = [R sin) _1 ( mandaphala ). 
Since the value is usually small, it is equal to R sine of the arc 
in minutes approximately and the difference can be neglected. 

13. Find the R sine and R cosine of slghrakendra. 

Multiply them by the slghraparidhi and divide by 80. 

These are the dohphala and kotiphala. R cosine is 

negative if slghrakendra is between 90° and 270° 

[Karkyadi) and positive if it is between 270° and 

90°. Add the kotiphala to R or subtract from it 

accordingly. Square dohphala and this figure, adc’. 

them and extract the square root. The result is the 

dohphala 

sighrakarna. Then R sin ( sighraphala ) = $jghrakar[)a * R 
and the arc corresponding to is as sighraphala. 

The above gives the method of finding Sighraphala. Let 
the slghra paridhi be a and let the slghra kendra be m. Then, 

dohphala = ——(R sin m) 

80 


sphuta koti = R + ~ (Rcosm) 
y ' 80 


sighrakarna. -1 


R-\ - Rcosm 

V 80 , 


* 'a * 


Rsmm 

V 80 , 
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sighraphala j = (/?sin) 1 


Rsmm 


sighrakarna 


14. Convert the mandaphala in the form of arc into 
minutes. Find the R sine of that and multiply by 80 
and divide by the R sine of mandakendra. The 
result is the accurate mandaparidhi. 


Mandaphala = (* sin ) ' “(* sinzn) = K (say) 



15. From the arc of slghra kendra reduced to the first 
quadrant, subtract the slghra phala if it is Makaradi 
and add to it if it is Karkyadi. Find its R sine and 
divide the slghrajya multiplied by 80. The result is 
slghra paridhi. 



Figure 6.1 
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In figure 6.1, E represents the Earth, A is Mesadi , S is 
ilghrocca, in sighravrtta and M mean position in kaksyavrtta 
and P the planet in pratimandala. Draw PB perpendicular to 
ES. SP is parallel to EM. in view of the theory of eccentric 
circle for planets. 

Mean longitude = /AEM= /.ASP. 

Also /AES = /ASB = long, of sighrocca. 

Therefore, 

slghra kendra = Mean longitude - sighrocca 

= /ASP - /ASB = /BSP = /BEM. 


From A SEP, we get 

R sin SEP _ R sin SPE 
SP ES 

Therefore 


ES= SP x 


R sin SPE 
R sin SEP 


/SEP= /SEM- /PEM- slghra kendra - slghraphala 
- slghra kendra ~ slghraphala (numerically) 

Also R sin SPE is §ighrajya 

Instead of multiplying by SP= R, if we multiply by 80, we 
get the sighraparidhi. 


16. The circumference of the last value of the paridhi 
corresponds to the last jya. The first value of the paridhi 
is got by correcting the last value by twice the correction 
corresponding to one rasi. 
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If a , a 2 are the initial and final values corresponding to the 
paridhis, those corresponding to the end of odd and even 
quadrants then,when the kendra is m, 

.| fl i —flall^sin m\ 

pandhi =a 2 ± --- 

A 

= a 2 ± \a-a 2 \ sin m 

according as a 2 < a { , or a 2 > a , when m = 90°, 

paridhi = a ± |<z -a | = a, Also, when m = 30°, R sin m = R/ 2 
and we get the result. 

METHODS OF FINDING LONGITUDES OF PLANETS 

17. The method for computing the longitudes of Saturn, 
Jupiter and Mars is as follows. Find the mean 
longitude of the planet, subtract mandocca, and find 
the manda phala and correct the mean position with 
half manda phala. Subtract slghrocca find the slghra 
phala and correct the value with half slghraphala. 
Subtract mandocca, find manda phala and correct the 
mean longitude with that. Then subtract slghrocca and 
effect slghra correction. The figure gives the true 
longitude of the planet. 

It is observed in the auto-commentary that the mean 
longitude should be corrected for the place concerned 
before computation, mandajya is positive if the manda kendra 
lies between 180° and 360° ( Tuladi) and negative if manda 
kendra lies between 0 and 180° (Mesadi ). This method is 
given in Pahcabodha (III.4) also. Though the manda and 
iighra corrections are effected twice in general there is 
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variation in the order and the amount. Mandoccas are 
available in texts, slghrocca for Mars, Saturn and Jupiter is 
the mean Sun. 

18. In the case of Mercury and Venus all these have to be 
done, except the first correction. The mean position of 
Mercury and Venus is that of the mean Sun. 

The procedure for computing the true longitudes can be 
given thus: Find the mean Sun (which is the mean position for 
Mercury and Venus), subtract slghrocca, find slghraphala and 
correct the mean Sun with half the slghraphala. Then subtract 
mandocca, find the mandaphala and correct the mean sun. Then 
subtract slghrocca, find slghraphala and correct the earlier figure. 
The result is the true longitude. 

The planetary motion is based on the theory of epicycles. 
In the case of the Sun and the Moon it has been described earlier. 
In the case of star planets it is more complicated. We need to 
include slghravrtta and the correction arising out of that. First, 
we shall examine the rationale of the correction. 



In figure 6.2, let E be the centre of the kaksyavrtta, M { , 
the position of mandocca and A that of the planet in mandavrtta 
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when their longitudes are equal. After some time M ] comes to 
Af,and A { comes to A 2 in the mandavrtta and Z.M X EM 2 = Z.A 2 M 2 N, 
where Nis the foot of the perpendicular from A 2 to EM r 

The correction required = Z.A 2 EN. It is positive or 
negative according as the angle is Tuladi or Mesadi. We take 
the radius of kaksyavrtta to be R . 


The correction required to get the true longitude from 
the mean longitude Z.A 2 EM 2 = m. We can take the arc R sin 
m = A 2 Was first approximation. 


sin m = 


A l N 

M 1 A l 


We shall find A 2 N 

A 2 N= (A^4 2 ) sin m 

The correction required = Z.A 2 EN where: 

A 1 N 

sin A 2 EN — (approximately) 

mandaparidhi: kaksyaparidhi = a : D 
Therefore 


R sine of the correction = 


_ M 2 A 1 7?sin m 

' em 2 em 2 


= — (R sin m) 


(in minutes). 
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Actually, M 2 N 


-V 


M,A, -a,N‘= x \--;R'‘- d . 


2 

a —»2 


Rsmm 


= —. R cos m 
D 


Thus we get 


ea 2 =Jen 2 +a 2 n 2 



—Rcosm) 2 + (—Rsinm) 2 
D D 


This is called manda karna. This is however called 
vyastakarna in the text (see VI.21). 

Sighrakarna can be found similarly. Thus we get 

R 

R sin m =-x doh phala 

mandakarna 

Since manda paridhi is generally small, it is taken as doh phala 
and even the angle in minutes can be taken to be equal to 
doh phala. In the case of slghra correction, we take the 


. dohphala 

sighraphala = (7? sin) --- 

stghrakarna 

Thus we can get mandaphala and sighraphala using 

manda and Slghra corrections. While finding karna we get 

R H-( Rcosm ) or R - (Rcosm) according as m is 

D D 

Makaradi or Karkyadi. The real problem is the mention of four 
corrections. Different works give these things in different ways, 
as detailed below : 
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Work 

Corrections for Mars, 
Jupiter and Saturn 

Corrections for Venus 
and Mercury 

1. Aryabhatiya 

'Am 

'As 

1 777 

1 S 

- 

1 s 

1 777 

1 5 

2. Suryasiddhanta 

'As 

'Am 

1 777 

1 S 

'As 

'Am 

1 777 

1 S 

3. Siddhanta siromani 

1 777 

1 5 

1 777 

1 S 

1 777 

1 5 

1 777 

I s 

4. Pahcabodba 

'Am 

'As 

1 777 

1 S 

- 

'As 

1 777 

1 5 

5. Sadratnamala 

'Am 

'As 

1 777 

1 S 

- 

'As 

1 m 

1 5 

6. Pancasiddhantika 

(Saurasiddhanta) 

'As 

'Am 

777 

S 

A s 

'Am 

777 

S 


5 - sighra correction ; m - manda correction. 


In Siddhantasiromani (III. 35), the position of Mars has 
to be computed with 'A m and 'A s and 3rd and 4th steps have to 
be repeated till concurrence is obtained. 

In Pancasiddhantika (XVII. 10-1 lab), additional 
corrections are given for Venus and Mercury. 

In fact, a sighra correction and a manda correction should 
suffice. Because of the inadequacy of the theory the procedure 
was made elaborate with a view to achieving accurate 
results. Different methods of experimentation have lead to this 
discord. 

The mean position can be obtained by multiplying the 
number of Kali days elapsed by number of revolutions of 
planet and dividing by bhudina. For Mercury and Venus, the 
Sun’s mean longitude is the mean longitude. 

Mandocca for all the planets except the Moon are generally 
fixed and given in the texts. For Moon it can be calculated using 
the same method as for finding the mean planet. Slghrocca for 
Mercury and Venus is to be calculated like the mean positions of 
planets. For Jupiter, Saturn and Mars slghrocca is the mean Sun. 
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It is necessary to point out the innovative method of 
Nllakantha Somayajin (II. 60-79). He has prescribed the 
corrections, half -manda, half -slghra, full- man da and full-slghra 
for Mars, Jupiter and Saturn. For Mercury and Venus, only two 
corrections, a manda correction and slghra correction are 
required. He has identified the mean position for Mercury and 
Venus with slghrocca and taken the mean as the slghrocca for 
the two, as in the case of other planets. This ‘breakthrough’ in 
Indian Astronomy which even suggests the heliocentric motion 
of planets, has not caught the attention of a much later author, 
Sankaravarman. Though he suggests Drk system for eclipses, 
chayaganita etc., he seems to be content with the outmoded 
Parahita system in general. There was a period in Kerala during 
which Parahita was used for muhurta etc. and Drk for eclipses, 
and things of practical nature. Sankaravarman seems to have 
emulated this characteristic leading to the dichotomy of 
astronomical methods. 

Different geometrical models of planetary motion are 
available. In fact the planets are moving round the Sun. For 
superior planets, the sidereal period is the same whether it is 
geocentric or heliocentric. Thus the mean longitudes are 
heliocentric mean longitudes. For Venus and Mercury the 
revolution of slghrocca is around the Sun and hence the mean 
slghrocca is same as mean planet around the Sun. When manda 
correction is made, true heliocentric longitudes are obtained; 
with slghra correction, we get geocentric longitudes. This is the 
general theory regarding the geometrical model of planetary 
motion. In fact, the introduction of various circles is only a device 
for getting the result as observed by Bhaskara I in his comm, on 
Aryabhatlya (III. 17): 

“tasmadiyam sarva prakriya asatya -yaya grahanam 
sputagatih sadhyate \ ” 
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This means, “Hence the whole procedure is fictitious, by 
which the true positions are determined”. 

But Nllakantha Somayajin’s model is important, and it 
helps us to understand the measurement of latitude of planets, 
required in the computation of combustion. The mandasphutas 
of the planets are the heliocentric longitudes and consequently 
the latitudes are computed from them. Nllakantha observes thus 
(Tantrasangraha VII.4b-5a) : 

mandasphutat svapatonat 

bhaumadlnam bhujagunat\\ 
paramaksepanighna syat 

ksepo’ntya sravanoddhrtah \ 


The latitude is obtained by multiplying the R sine of 
difference in mandasphuta of planets and the longitudes of their 
nodes by the maximum latitude and dividing by the karna at the 
instant. In symbols, if |3 is the latitude, 1 is the maximum 
latitude, i and n are the mandasphuta and longitude of the 
nearer node and k is the karna then 


p = y. 


Rsin(£ — n) 
k 


Example 

We shall find the nirayana longitude of Saturn 
when 1864700 Kali days are over. This corresponds to 
10-6-2004. 

Mean longitude of Saturn = 74° 18' 

mandocca = 236° 

ilghrocca (Mean Sun) = 54° 23' 
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First Step 

mean longitude - mandocca = 74° 18' - 236° 

= 198° 18' (Tuladi) 
mandaphala = + 138' 

half mandaphala = + 69' = 1°9' 

Making the correction to the mean longitude, we get 
74° 18' + 1°9' = 75°27’ 


Second Step 

Corrected mean longitude - slghrocca 

= 75° 27' - 54° 23' 

= 21° 04' 

(Mcsadi, Makaradi) 
sighraphala =-121' 

half sighraphala - - 61' 30" = - 1° 1' 30" 

Making the correction, we get 

75° 27' - 1° 1' 30" = 74° 25' 30" 


Third Step 

Corrected mean longitude - mandocca 

= 74° 25'30" - 236° 

= 198° 25' 30" ( Tuladi ) 
mandaphala = +140'= +2° 20' 

Correcting the original mean longitude with this, we get 
74° 18'+ 2° 20'= 76° 38' 
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Fourth Step 

Corrected mean longitude - slghrocca 

= 76° 38'-54° 23'= 22° 15' 
(Mesadi , Makaradi ) 

slghraphala = -127' 

= -2° 7' 

Correcting the (last) corrected mean longitude with this we 

0 0 0 

get the true longitude of Saturn = 76 38' - 2 7' = 74 31' 
This is for Lanka at the time of rising of the mean Sun on the 
day concerned. 

THE RATE OF MOTION OF PLANETS 

19. The daily mean motion is obtained by multiplying 
the number of revolutions of the planet in a caturyuga 
by 21,600 and dividing by the number of civil days 
in a caturyuga. For the Sun, add to the mean modon 
R cosine of the manda kendra divided by 1550 
(animadya) or subtract from it according as the manda 
kendra is Karkyadi or Makaradi. In the case of the 
Moon add to the mean motion R cosine of the manda 
kendra divided by 50 or subtract from it as the case 
may be. 

For the Sun and the Moon the correction is in terms of 
r . r 

differentials, d (— - sin m) = — cos m. dm if m is in radians. 
R R 

The daily rate of motion of the Sun is given by 59' 08" 
( danadharma ). 

3 59*08* 

The correction = — x —-x kotijya 

80 iM x60 

71 
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_ kotijya 
1550 

Similarly, for the Moon the mean motion is 780' 35" 
(mrganilasu) and 

7 780'35" ' ... 

the correction = g() * i_8p x 6Q X k ° Ujya 

_ kotijya 
50 

20. To find the daily rate of motion for other planets, 
multiply the mean motion by mandajya khanda 
(R sine difference) and divide by unit of division 
(sarasasakala). Add to or subtract from the rate of 
mean motion according as it is Karkyadi or 
Makaradi. Then multiply this by the quantity 
obtained by subtracting slghrajya khanda from rate 
of slghra motion and divide by the unit of division. 
Then add to or subtract from the earlier result 
according as it is Karkyadi or Makaradi. 

THE MEAN SUN AT SOLAR INGRESS 

21. Subtract mandoccca from the l.ongitude of the Sun 
at solar ingress ; find bhujajya, kotijya, bhujaphala 
and kotiphala ; note the quadrants viz ., Mesadi, 
Tuladi, Makaradi, and Karkyadi ; add to or subtract 
from R, the kotiphala according as it is Makaradi or 
KarkySdi, square this, add to the square of the 
dohphala and find the square root. This is called 
vyastakarna (opposite hypotenuse). Multiply dohphala 


^mjcLaj-Ujtll€ixlL 




PARAHITAGANITA 


185 


by trijya and divide by vyastakarna. Subtract this from 
or add to the longitude of the Sun at solar ingress 
according as it is Mesadi or Tuladi. The result is 
the mean longitude of the Sun. 

The above stanza gives the method of getting the mean 
position of the Sun from the true position at a solar 
ingress. The longitude of the Sun while entering Mesa is 
0°, while entering Vrsabha is 30° and so on. The method 
prescribed for getting the mean longitude of the Sun 
corresponding to these is given above. From the longitude, 

subtract the mandocca and find the bhujajyaphala 

3 3 3 

= (-ffcos.ro) and ff + — (ffcos/n), m being 

oU oU oO 

the mean anomaly. Let 


3 3 

— (ff sin m). = A and ± rr (ffcosm) = B. 
oU o(J 

,- . % 0 (ffsin.mF? 

Then find •Ja 1 + B 2 called sphuta koti and « + + & ~ . 

If 5 is the true longitude of the Sun, then mean longitude = 


i+ 


%(j(ff sirwn). ff 

~Ta 


2 + b 2 


. The principle is simple. If s is the mean 


longitude, and £ is the true longitude, then £ - s+ mandaphala. 
Therefore s = £ - dohphala. The mandaphala is normally 
% 0 (ffsin/n). But greater accuracy is achieved by taking it as 
/ ^ ( ) (/<'sin w ) R as j s ^ one j n t jj e case §jgh ra correction. 


THE SUN’S MOTION IN RASlS AND NAKSATRAS 

22. At every solar ingress, find the mean longitude (as 
above), add to the dohphala in the end of the year, 
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multiply by bhudina and divide by the number of 
solar days. Then the masavakyas are obtained. 
Similarly the vakyas for naksatras can be obtained. 

The mean longitudes of the Sun at the true solar ingresses 
given below (see HI. 6) : 

Vrsabha 

0° 28' 22" 

Mithuna 

1° 29' 19" 

Karkataka 

3° 0' 27" 

Simha 

4° T 29" 

Kanya 

5° 2' 4" 

Tula 

6° 2' 5" 

Vrscika 

8° T 33" 

Dhanus 

00 

CO 

o 

o 

00 

Makara 

8° 29' 35" 

Kumbha 

9° 28' 37" 

Mina 

10° 27' 59" 

Mesa 

11°27' 53" 


23. The vakyas relating to the years can be obtained by 
multiplying 365 days 15 nadikas 31 vinadikas 15 
gurvaksarasby 1, 2, 3, etc.,... By dividing the vakyas 
relating to month, naksatra etc. by 7 the sankranti 
vakyas etc. from Sundays are obtained. 

The method of finding masa vakyas were discussed above. 
If they are divided by 7 the remainders are as follows as days 
and nadikas : 
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Timire 

niratam 

camare 

marutah 

2-56 

6-20 

2-56 

6-25 

surarat 

ghrnibhih 

ja vatur 

dhatakah 

2-27 

4-54 

6-48 

1 - 19 

nrvarat 

sanibhah 

maniman 

cayaka 

2-40 

4-07 

5-55 

1 - 16 

Vrsabhat taranerbhavati pragatih 



These are the vakyas from the month Vrsabha onwards. 

When the true longitude is 360° we get the figure 

^Q(^sin m)R 

U' + B 1 


to be 2° 7' clearly. Also 


as it should be. 


1 l r 27°53' + 2°7' = 12 r = 360° 


„bhtidina 

360 x-= 365.25 

sauradina 


The quotient is 365. In this way the figure can be obtained for 
each month. They indicate the number of days elapsed in each 
month and are called masa vakyas, or the statements giving the 
number of days over the months Mesa, Vrsabha etc. The 
masavakyas are: 


kullna 

ruksajfia , 

vidhana 

matraya 

31 

62 

94 

125 

ksanasya 

simhasya 

suputra 

catvarah 

156 

187 

217 

246 

tathadri 

minanga 

mrgangi 

matulah 

276 

305 

335 

365 
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In this way using longitudes of the Sun at the ends of 
naksatras, (with an interval of 13° 20'), 0°, 13° 20', 26°, 
40' . . . 360°, the naksatravakyas are obtained. 


THE RATIONALE OF YOGYADI VAKYAS 

24. Find the longitude of the Sun for the solar ingress into 
Mesa etc. Find the longitude eight days later and 
continue four times. Find the differences of the 
longitudes successively. Subtract 8° from each. The 
yogyadi vakyas are obtained. 

The mean daily motion of the Sun is 59° 8' ( dana dharma). 
At the solar ingress into Mesa the longitude is 0°. The longitude 
after 8 days is 8° 11'. 8° 11' - 8° = 11' (yogya). In this way, one 
can calculate successively. So they are called yogyadi vakyas. 


We shall find the vakyas for the month Vrsabha. Longitude 
of the Sun at the time of ingress into Vrsabha is 30°. 


The longitude after 8 days = 38° 19' 

The longitude after 16 days= 46° 40' 
The longitude after 24 days= 54° 02' 
The longitude after 32 days= 62° 26' 

Taking the difference and subtracting 8°, we get 


19' ( dhanyah ) 21 ( putrah ) 22 (kharo) and 24 (varah). 


For yogyadi vakyas see Pahcabodha, III.7. 

The first column relates to dates 1-8, the second to dates 
9-16, the third to dates 17-24 and the fourth to the dates 25 to 
the last. The correction has to be applied negatively from the 
1st of Mina to 8th Tula and positively from 9th Tula to the end 
of Kumbha. For days less than 8 the correction has to be 
calculated proportionately. The correction for any date beyond 
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8 is the sum of the correction for the previous eight days of the 
month and the portion for the current eight. The proportion for 
the days beyond 24 has to be done on the basis of the number of 
remaining days in the month. 

The method of finding visudhruva is not given in the text, 
though the concept occurs in the verse. The auto-commentary 
bypasses it. We give following method from Pahcabodha 
(D.12) : 

sakabda sastrartha vadhattithise 

naptam dinadyam kali nasa punyaih \ 
gurvaksaradyam sahitam sunastam 

vivas vatah sankramana dhruvam syat || 

Accordingly find the saka year multiply by Sastrartha 
(725), and divide by tithisa (576). The quotient gives the 
number of days. Multiply the remainder by 60 and divide by 
576. The nadikas are obtained. Multiply the remainder by 60 
and divide by 576 get vinadikas and then continuing, get the 
gurvaksaras. We can divide it by 7 and use the remainder. One 
has to add kalinasapunya (ll"50 v 31 g ) and sahkranti vakya. 
The number of days counted from Sunday gives the week day 
and the other part in nadikas etc., at the*time of solar ingress. 

THE CORRECT TIME OF SOLAR INGRESS 

25. Find the correction to the mean longitude of the 

Sun, with dohpala, cara and desantara. Multiply by 10. 

To this add the sankramavakya and visudhruva. 

Convert into nadikas, vinadikas etc. 

When the corrections are made, we get the hour angle 
traced by the Sun since sunrise and when multiplied by 10, 
we get the nadikas, (and vinadikas after conversion). When 
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visudhruva and sankrama - vakyas are added, the correct time 
of ingress is obtained. The accurate sankrama vakyas art from 
the month Vrsabha onwards. 



d 

n 

V 

gurvaksara 

lokanam laksmanagre 

2 

55 

30 

13 

vibhaga budha patau 

6 

19 

33 

44 

dhurvidhau sarma sTghram 

2 

55 

59 

49 

dhanya stanyangharaktan 

6 

24 

46 

19 

jayadhanusi kbaran 

2 

27 

09 

18 

lolakhadgambu sobhah 

4 

4 

32 

33 

dhasradhitva sibhistaih 

6 

47 

49 

24 

viganaya hayapan 

1 

18 

15 

34 

sarva sainyardha gatran 


39 

17 

47 

gauran kurvita norvlm 


06 

41 

23 

thagaya krsanamimam 


55 

11 

37 

mustlkam banakutaih 


15 

31 

15 


The astronomical computations are made for the mean 
solar day and the savana days in the mahayuga are given 
without reference to their lengths. Thus the positions of 
planets calculated are for the rising of the mean Sun at Lanka. 
Therefore the correction for the true Sun is effected. For any 
other place desantara samskara or the correction for the 
longitude are required and the cara samskara or correction 
for ascensional difference. Bhujantara correction or the 
equation of time due to the unequal motion of the Sun in the 
ecliptic is made by the manaaphala. After getting these, the 
time after sunrise is to be obtained. Then arc is multiplied 
by 10 to get the corresponding units. These four corrections 
are considered in this work. The udayantara correction or 
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the reduction to the equator is known only from Srlpati. 
Though Paiicabodha and Karanapaddhati etc. do not refer 
to this, a later work, called Ganitanirnaya (pp. 148-57) 
incorporates this correction also. 


We shall calculate the time of Vrsabha sankranti in the 
year Tarana §aka (1926) at Thiruvananthapuram. 

Sayana longitude of the 


Sun 

= 30°+ 23' 


- 53° 54' i 

cara 

= -175' 

dohpala 

II 

O 

U > 
00 

desantara 

= - 0" 12 v 


The algebraic sum of cara, dohphala and desantara in time units 

= -24 v 30 8 

Sankranti vakya is 2 d 55"30 v 13 B 

The visudhruva for 1926 is obtained thus when multiplied by 
725 and divided by 576. The quotient is 2424. Proceeding with 
the remainder we get 2424-13-7-19. 


d 

n 

V 

g 


2424 

13 

7 

19 

+ 

0 

11 

50 

31 

( kalinasapunya ) 

2424 

24 

57 

50 



The time of solar ingress is 

d n v g 
Sankranti vakya 2 55 30 13 
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Visudhruva 2424 24 57 50 

Correction (-) 24 30 

2427 20 7 33 

Dividing by 7 we get the remainder to be 5 - 20 - 7 - 33 

This took place when this period was elapsed since 
Sunday. The day indicated by 5 is Thursday. Thus it took place 
on a Friday at 20" T 3 3 g . 

LUNAR MONTHS, SOLAR MONTHS ETC. 

26. When the number of revolutions of the Sun in a 
caturyuga is subtracted from the number of 
revolutions of the Moon in the caturyuga the number 
of candra masas in a caturyuga is obtained. The 
number of revolut’ons of the Sun multiplied by 12 
gives the number of solar months. The number of 
adhimasas (intercalary months) is obtained by 
subtracting the number of solar months from that of 
lunar months. Multiplying these by 30 we get 
respectively, the number of lunar days, solar ( saura ) 
days and the number of days in adhimasas. The 
number of lunar days decreased by the bhudinas 
(number of civil days) gives the number of avama 
tithis (days). By adding the bhudinas to the number 
of revolutions of the Sun, naksatra days (sidereal 
days) are obtained. 

A few definitions will be helpful. Savana day is the civil 
day and is measured by the time between a sunrise and next 
sunrise. A tithi of day is defined as that which ends on the day. 
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Thus if three tithis operate on a day, the first goes uncounted, 
because it did not end on the previous day. Such a tithi is called 
a vama. 


DIMENSIONS OF THE ORBITS OF PLANETS 

27. Multiply the number of revolutions of the Moon by 
21600. The akasakaksya yojanas are obtained. When 
this is divided by the number of revolutions of a 
planet, its kaksya is obtained ; when it is divided by 
bhudina , the planet’s motion in yojanas is obtained. 
When the Sun’s kaksya is multiplied by 60, the 
kaksya of Asvini and other stars is obtained. 

The above stanza gives the circumferences of the akasa 
and other planetary orbits. 

Circumference of the Skaia 

= No. of revolutions of the Moon x 21,600 

= 55753336 x 21,600 yojanas 

= 1, 24, 74,72,05,76,000 yojanas. 

The circumferences of the orbits of various objects are as 
follows: 


Object 

Yojanas 

Sun 

28, 87', 666 

Moon 

2, 16, 000 

Mars 

54, 31, 291 

Mercury 

6, 95, 473 

Jupiter 

3, 45, 50, 133 

Venus 

17, 76, 421 
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Saturn 

Stars 


sadratnamAlA 


8, 51, 14, 493 
17, 32, 60, 008 


The daily motion of planets in yojanas = 7906 

Yojana is a unit with different definitions. If a yojana is 
taken as 4 miles, the figure 2,16,000 as circumference of the 
lunar orbit is nearly correct. The other orbits based on this are 
such that the linear daily motion of each planet is the same. 


XVII. To find the diameters of the discs of planets 

28. The diameter of the Sun, who is a manifestation of 
fire is 4410 (udyadbhava), that of the Moon, a 
manifestation of water is 315 ( sakala ) and that of 
earth a manifestation of clay is 1050 (atma nityah) 

29. The visible boundary on a sphere is obtained by 
multiplying the distance by the diameter of the earth 
(of the place), adding it to the square of the distance 
and taking the root. It is also equal to the square root 
of the square of the sum of the radius and distance 
reduced by the square of the radius. 
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Let O be the centre of the sphere and A a place and AB, 
the height of observer. Let OA — a and AB— A. Draw the tangent 
from B to meet the sphere at T. Then the distance of the visible 
boundary 



-l 


a 2 + 2 ah + A 2 — a 2 


( 1 ) 


= 7(2a)A + A 2 • (2) 

(2) and (1) are stated in the stanza in that order. 

30. The diameter of the globe is obtained when the 
square of the height above the earth is subtracted 
from the square of the distance of the visible boundary 
and divided by the height of the observer above the 
earth. 

If the height of the observer = A , the distance of the visible 
boundary = V 2 ah + h 2 ■ Now, 

(ijlah + h 2 ) 2 - A 2 2aA + A 2 — A 2 

- = - = 2 a 

A A 


as required. 

The author says in his auto-commentary that this gives 
a practical way of estimating the earth’s radius. When one 
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climbs a tree, wall or the like and measures the apparently flat 
space up to the visible boundary, the radius of the earth can be 
estimated. 

FINDING THE CIRCUMFERENCE OF THE EARTH 

31. Fix two places on the north and south of the equator, 
and find the distance between them. Then the 
circumference of the earth (a great circle of earth) is 
equal to the distance multiplied by 360° and divided 
by the difference in the latitudes (in degrees). 

If A and B are any two places on the earth, assumed to be 
spherical, the method works through. There is no need for taking 
one in the north and the other in the south, unless a special role 
for the equator is required. If the earth is spherical, any great 
circle can be the equator. It appears that the author was aware 
of the fact that the earth is not exactly spherical. 

FINDING THE ORBITS OF THE SUN AND OTHERS 

32. Find the vyastakarna of the Sun and divide trijya by 
this. This is the mandakarna. Multiply it by the 
circumference of the Sun’s orbit. This is called sphuta 

yojana karna which is the radius of the Sun’s orbit at 

2 

the moment. 

33. The division by 235 (magara) etc. and also 200 
ijnanlndra), 420 (nirudhi) etc. of the slghrocca of 
Mercury and others have to be used to correct the 
figure obtained by multiplying the Kali day by the 
number of revolutions and dividing by bhudina. 
Do the corrections to mandocca of the Moon with 
three rasis added and to Rahu after subtracting 
six rasis. 
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34. The figures obtained by multiplying the bhudina and 
dividing by divisors the revised divisors, and their 
reducibility are mentioned. The desired day of Kali is 
called khanda and the mean positions on that day of 
the planets are called dhruvas. The Moon’s 
chronograms give the true longitudes of the Moon for 
intervals of 248 days. 

The first part is explained under the next verse. Since the 
computation of the mean positions of planets involves large 
numbers, simplified procedure is adopted. A Kali day is fixed 
and it is called khanda. When khanda is subtracted from the 
number of Kali days elapsed, we get khanda sesa. Find the 
mean position for khanda sesa. To remove the accumulated error 
find the mean on the khanda and add or subtract to the mean 
position as required. These mean positions on the khanda days 
are called dhruvas. 

35. Multiply any number by the bhudina and divide by the 
number of revolutions of a planet. We get a divisor. 
Multiply this divisor by bhudina and divide by the 
product of the una sesa or adhika sesa and the number 
of minutes in the zodiac (21,600). Then we get the 
second divisor which is positive or negative. 

This requires some explanation. When bhudina is 
multiplied by any number and divided by the number of 
revolutions the quotient is called the first divisor. If the remainder 
is greater than half the number of revolutions add one to the 
quotient and the remainder can be subtracted from the 
number of revolutions. Here we get a divisor and una sesa. 
Otherwise it is called adhika sesa. Let 

b = bhudina 
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k = khanda sesa 
r = number of revolutions 
s — number of Sun’s revolutions 
d = danadiguna karaka 
m - mandadi haraka 
g = gunakara 
h = haraka 

The motion during the khanda $esa 

k.r , . , d s 

= - revolutions + k. —. — 

b mb 


The first part of this = 

b 

r 


where g is any number, called gunakara. Let us assume that the 
una sesa is p. It is positive. Then b . g = r . h - p .Then 
b.g + p 


r = 


. Therefore, 


, r 1 bg + p 

k .—> = k.g. -. - 

b bxg h 


hxg 

h 


+ k. 


P 

bxh 


revolutions 


k.g , 21,600 p 

- revolutions + k. - 

h b.h 


when the sakabda correction is also added to the minutes we 
get. 
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21,600./? d s ,21,600 p+ (sk m d) 
T k . . . — k 

b .h mb b. h 


_ k_ 
h 2 

Here the second divisor h 2 is 
bh 

21,600 p + s 


Therefore we get the motion in khanda sesa 


kg 

h 


revolutions 1- 

A 2 


Since the computation of the mean longitude involves 
large numbers, simple procedures are devised. Instead of 
finding the mean by using the formula mean longitude 


kali day x No. of revolutions 
bhudina 


and incorporating the sakabda 


correction, one can use smaller divisors as found above and 


compute the mean longitude easily. 


36. Divide mutually the guna kara and haraka till a 
small remainder is obtained. Place the quotients one 
below the other and place 1 in the end. Multiply by 
the third (from the bottom) by the entry below add 1, 
and drop 1. Continue the process till we are left 
with two elements. 

The method is about forming a vail j and the process called 

3 

vallyupasamhara (see Appendix II) as in the case of solution 
of linear Diophantine equation. 
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Let a , b be two positive integers and b> a. Divide mutually 
b by a and continue. We get the quotients q t , q 2 . . . q^ and 
remainders r f , r 2 . . . r + ] satisfying the following. 

b = q x a + r, 

a = <h r i + r 2 

. r . = <h r 2 + r 3 

r n- 1 _ T n +2 

Continue till r = 1 

n+2 

Consider for example the case when a = 449, b= 12,372. 
We get 



The quotients are 27, 1, 1,4, 12 we shall write this as follows: 
Valll 

27 3031 

1 110 

1 61 

4 49 ; ' 

12 

1 

As explained earlier, we form 4.12 + 1 =49 
49.1 + 12 = 61, 61.1 + 49 = 110 
110.27 + 61 = 3031 
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This is the process of vallyupasamhara 

37. When there are two integers, find the Highest Common 
Factor ( apavartana ) by dividing them till a common 
factor is obtained, Then mutually divide them, starting 
with the division of the larger by the smaller. By 
multiplying the denominators we get a common 
denominator (of two quotients). Divide mutually 
bhudina and the difference in the numbers of 
revolutions of the Moon and mandocca. Then the 
gunakara and harakas for the Moon’s kendra (mean 
longitude - longitude of mandocca) can be obtained. 

The Sun makes 43,20,000 revolutions in 157,79,17,500 
civil days and the number of revolutions per day is 

43,20,000 

157,79,17,500 

576 

' 2,10,389 b y zpavartam. 

We can form the valll 

365 

3 
1 
6 
2 

4 
2 
1 
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We take a part of this and do the upasamhara 

365 27 x 365 + 7 = 9862 

3 3x7 + 6 = 27 

1 1 x 6 + 1 = 7 

6 

1 

This is like forming fourth convergent of the continued fraction. 
(Yuktibhasa, Appendix Kuttakaram, pp. 51-61) 

1 1 J 1 _1 _ 1 _ 1_1 

365+5+ 1+6+2+4+2+1 

1 _1_1_ l__9_ 

365 + 3 + 1 + 6 + 20 

576 27 

instead of using- we can use —— as an approximation. 

6 210389 9862 

The error is 

576 _ 27 _ 9 

210389 9862 210389x9862 

If we need the mean position of the planet at time T we get 

516T _ 27 T _ 9T 

210389 9862 ~ 210389 x9862 

21T 

The integral part of — ■ gives the number of revolutions 

elapsed and the fractional part alone is required to get the mean 
position. The latter term is generally small and can be ignored 
or retained. In this way, the successive convergents of the 
continued fraction corresponding to a valli, which are obtained 
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by upasamhara can be utilized. For details the reader may refer 
to Yuktibhasa (Appendix, p.3). 

In this way, by dividing mutually the difference in the 
revolutions of the mean and its mandocca and bhudina, a valli 
can be obtained. 

3 8. Find the Moon’s kendra (mean longitude - mandocca) 
convert into minutes on a day and add 39° 17' 
(sukalambu), multiply by the desired haraka, and 
divide by 21,600. Then, multiply the result by the 
previous haraka, divide by the haraka and subtract 
the remainder from ahargana. If it is an odd divisor 
subtract the adhika sesa. If it is even, subtract the 
una sesa. This is the vakya khanda for the Moon. 
The true longitude of the Moon on the khanda date 
is the dhruva. 

The reader is supposed to be already acquainted with 
the method of computing the position of the Moon using 
Candravakyas of Vararuci. We shall explain the theory of this 
procedure now. The table of Vararuci gives the positions of the 
Moon for 248 days at sunrise at juanka (the zero position on 
earth). This starts at the instant when the Moon, mandocca of 
the Moon and Mesadi coincide. The vakyas are : 

GIrnah sreyah : 12° 03' 

Dhenavah Srlh : 24° 09' 


Bhavet Sukham 


IT 44' 
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At the commencement Mesadi and the Moon are together 
and therefore the longitude is 0. On the first day the Moon moves 
by 12? 03'. On the next day the longitude increases to 24° 09' 
and so on. When 248 days are over, the Moon has moved away 
from Mesadi by 27° 44'. But nearly 9 anomalistic periods are 
over. The length of anomalistic period - the time taken by^the 
Moon from mandocca to mandocca is 27.5545 days. 27.5545 
x 9 = 247.9905 days (nearly 248 days). If this table is used for 
the next cycle a correction of 27° 44' has to be made, because 
the Moon has moved by that distance. This is called dhruva. 
The figure in the table is called vakya. We can use it for any 
day. But the number of the vakya to be used and the correction, 
the accumulated error, called dhruva have to be found out. 

Works on Astronomy, Pancabodha (II.2-5), for example 
give the method of computation. First find the Kali day. Different 
methods are available for the finding the number of Kali days. 
After fixing this we shall find the vakya to be used. For this 
suotract 1741650 from Kali days ana divide by 12, 372, 3031 
and 248. Note the quotients q, q 2 q 3 and let r be the final 
remainder. It suggests the vakya to be used. If the remainder is 
192, 192nd vakya should be used. 

Now we must find the dhruva and the accumulated error. 
For this multiply q x by 9 r 27°48' 9" 44'" multiply ? 2 by 1 r7°41' 
10" 16'" and ? 3 by 0 r 27°43' 28" 39'" and add. Then add l r 6° 
31' 41" 31'". When this figure is added to vakya the longitude 
at sunrise at Lanka is obtained. For other places, desantara 
samskara and cara samskara are required. 

Before proceeding to discuss the rationale, we need some 
details. We refer to the valll given in the explanation of the 
v. 37. The successive convergents are: 

J_1_ 1 _9_ 110 449 6845 18361 55209 766081 

27’ 28’ 55’ 249’ 303l’ 12372’ 188611 ’ 1332649’ 1521260’ 21109029 
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The vakyas gimah sreyah etc., can be derived for the first 248 
days. The mean motions of planets, Moon’s mandocca, and Rahu 
are given by the Pancabodha (HI.4) : 

dana dharma mrganllasutara 

yogaraga subharam nanu manI \ 
dlna tala nanu rajhi kaviste 

pujyaganagatayo vikaladyah || 

The Moon’s mean motion for a day = mrganilasu 

= 79° 0' 35" 

The motion of Moon’s mandocca in a day = kaviste 

= 6' 41" 


Mandakendra in one day = 783' 54" 

The lunar jya of 783' 54" = 67' (Mesadi, negative) 
Moon’s longitude = 790' 35" - 67' 

= 12°02' 35" 

= 12°03', (omitting the seconds). 

This can be made accurate using better Jya tables. 
Madhava of Sangamagrama gave the tables sllam rajhah sriye 
(12° 02' 35") etc. The lunar motion undergoes lot of changes 
and Puliyur Purushothaman Namputhiri, had to change this to, 
krsnah payat (11° 51'). In this way the vakyas for 248 days 
can be found out. 

The aim of getting a khan da is to have a day when the 
Moon is close to mandocca and preferably near the (Mean) Sun 
at Lanka when it rises on that day. We can choose a day 
(ahargana) and do as suggested; then find the mean longitude of 
the Moon, its mandocca and the manda kendra by subtracting 
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the mandocca. Convert it into minutes. Add 39' 17", multiply 
by 188611; divide by 21,600. Subtract the remainder from 
ahargana. The result is vakya khanda or the day we are searching 
for. The choice of the division is left to us. One can choose 
either 12372 or 3031. But one should search for a day which 
will satisfy our conditions to the maximum extent. In 248 days 
the Moon moves 6' 59" ahead of mandocca. When 12 rounds 
are over that is 248 x 12 days, the motion is 6’ 59" x 12 = 83' 
50". In 55 days the Moon moves by 83' 55". Thus, in 248 x 12 
+ 55 days, the motion of the Moon is 1' 43" ahead of mandocca. 
When this is repeated 4 times, it becomes 6’ 52". In this we can 
note that the difference fluctuates on either side and in 188611 
days the difference is 7' 1/15. In 248 days the difference is 
positive and equal to 6' 59". In 55 days the difference is negative 
and equal to 85' 33". The difference in 303 days 78° 33' and 
half of this is 39° 17' (sukalambu). This has to be added to the 
manda kendra. An examination of the convergents reveals that 
the manda kendra shou’d be increased by some amount to get 
accurate results. We are interested only in a khanda which is 
convenient. It is not far away from the ahargana chosen and the 
dhruva also is not large. But it is difficult to decide why the 
choice fell on 39° 17' which is half the movement in 248 + 55 = 
303 days, without sufficient research. 

xx 248 

Let this be x. Find = k when rounded off to an 

integer. We can assume that the manda kendra moves 9 times 
in 248 days. Thus we have to solve the indeterminate equation 
9x -k - 248 y. This will lead to the solution. In a problem in 
a Malalyalam commentary on Karanapaddhati (Ch.III), the 
ahargana is taken as 1741778. The manda kendra together with 

39° 17' is 13935' 36". 13935 ^' 6 *o 88611 = 121686 . Instead of using 
248 and 9 we take 188611 and 6845 and form the indeterminate 
equation 
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6845^ -121686 _ 

188611 y ' 

One can solve this by using 3031 and 110 instead. 
Applying the principle given in the text, we can take 3031 as 
the haraka and get the result which is equal to 1741650, the 
number used in computation. The rule given in the verse can 

- = £jL 

be interpreted using indeterminate equations. Let ^ q , 

th ~" A 

the n convergent of the continued fraction. If q is the 
penultimate convergent then P n g n _ x - P n _ l <J n = : (-1)" - If we have 
the indeterminate equation ( kuttaka ), 

bx- ay= c, 

then c b ( i n -\ ~ caq n =±c 

From this one can get the solution by the process of 
taksanam. 

We shall examine various dhruvas used: 

(1) The khan da is 1741650 (Kali day) ( amitayavotsuka ). 

The mean longitude of the Moon = l r 6° 27' 54" 19"' 52"" 
(these are respectively called rasl, bhaga (degree), kala 
(minute), vikala (minute) tatpara (1 /60 of a second), pratatpara 
(1/3600 of a second). 

l r 7° 11' 5" 31'" 41"" 

12 r 43' 10" 41'" 49"" 

3' 46" 11'" 10"" (positive) 

l r 6° 31' 41" 31'" 
(kaulatabhupala tanaya) 


Mandocca = 

Mandakendra = 

Mandaphala - 

The longitude of the Moon = 
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(2) 12372 (rasa gairika) 
Mean Moon 
Mandocca 
Manda kendra 
Mandaphala 
Longitude of the Moon 

(3) 3031 (kulTnahga) 
Mean Moon 
Mandocca 
Mandakendra 
Mandaphala 
Longitude of the Moon 

(4) 248 (devendra) 

Mean Moon 
Mandocca 
Mandakendra 

Mandaphala 
(negative) 

Longitude of the Moon 


0 r 0° 0' 0" 35.78"' (negative) 

9 r 27° 18' 9" 43.95'" 
(corrected to 44'") 

(vividham nijavasarodham) 

ll r 7° 31' 1" 15.02'" 

11 r 7° 32' 44" 20.00'" 

12 r (1' 13" 4.98'") 

0 r 0° 0' 9'" 1.8'" (positive) 

ll r 7° 31' 10" 16.20'" 

(tape nohyam kulasanaipunyam ) 

0 r 27° 44' 5" 19.67'" 

0 r 27° 37' 6" 10.85'" 

0 r 0° 6' 59" 8.82'" 

0 r 0° 0' 36" 40.62'" 

0 r 27° 43' 28" 39.05'" 
(corrected to 39) 

(dhiga hara laghu satronam ) 


= 9 r 27° 18' 10" 19.73'" 
= 9 r 27° 18' 9" 30.85'" 
= 0 r 0° 0' 0" 48.88'" 


These details supply the rationale of using these figures 
in computation of dhruva. 

39. In the procedure for finding the dhruva, the gunakaras 
and harakas are obtained by mutual division. They 
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can be positive or negative. The difference between 
the Moon and mandocca on the khanda day has to 
be multiplied by a divisor and divided by the divisor 
above (in the list of divisors) and the remainder has 
to be subtracted from the ahargana. 

This practically reiterates what has been said earlier. But 
there is lack of clarity in the verse. 

40,41. 

Multiply the numbers of intercalary months in the 
mahayuga by the number of Kali years elapsed, divide 
by the number of Sun’s revolutions (multiplied by 85), 
multiply by bhudina (corrected to lunar units) and 
subtract from it the Moon’s kalyadidhruva, multiply 
by bhudina and divide by 360. This gives the Kali day 
for finding the intercalary months. The divisors here 
are got by mutually dividing the number of intercalary 
months in the mahayuga and bhudina. 

We are finding the number of intercalary months over the 
time concerned. This is equal to 

no. of intercalary months in the mahayuga x Kali years over 
no. of revolutions of the Sun 

= n (say) 

But this is not generated from the beginning of the 

Kali yuga. The dhurva of the Moon at the beginning of Kali 

was 6°-23'-36" -42'" -11"" = d (say). The number of 

d 

intercalary months generated by this is — . Therefore number 

d 

of intercalary months is n - . The number of days required 

to generate this is : 
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d bhudhina 

n -x- 

360 ) no. of intercalary months in the epoch 

This gives the khanda. 

However, if it is required to calculate fresh periods, with 
the passage of time, form the valid got by mutually dividing 
number of intercalary months and bhudina. 

bhudina = 1577917500 

No. of intercalary months = 1593336 

In one mahayuga exact numbers of Moon’s revolutions 
, _ 9x200 

are not over. By Sakabda samskara it gets reduced by ———. 

Therefore we take 85 x bhudina and 85 x revolution of the Sun 
for calculation. When it is done we get the required continued 
fraction to be 

135431760 _ _1_1_1_1_1_1_ 

134122987500 90+2+ 1+ 36+ 1+5+'" 

The convergents are 

_1_2_3_ 110 

990’1981’2971’108937’ 

42. Intercalary months can occur between the mean 
positions, and true positions, between the new 
Moon days and between solar ingresses. Thus they are 
of four kinds. 

The length of a lunar month is 2954 days and the lunar 
year is shorter than the solar year by about 10 or 11 days. 
The candra month starts on the pratipat of the bright half (or 
the end of New Moon) and ends by the end of New Moon. 
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The month containing the solar ingress into Mesa is called Caitra, 
that containing the solar ingress into Vr$abha is called Vaisakha 
and so on. Because of the difference in the lengths of solar and 
lunar years, an excess of a lunar month accrues every three 
solar years. Thus there may be a month without solar ingress. 
This is called adhimasa. This may be with reference to the mean 
positions of the Moon or true positions. They are called 
respectively madhyadhimasa and sphutadhimasa. 

It may also happen that two solar ingresses occur in the 
same lunar month, though very rarely. Then it s called amhaspati. 
The previous or later month will be an adhimasa (without solar 
ingress). This is called samsarpa. Samsarpa and amhaspati 
occur always together. Thus there are two kinds of solar 
months, with mean or true positions and two kinds of lunar 
months, with true or mean positions, constituting four kinds 
of intercalary months. 

THE DRK SYSTEM OF 4708 KALI 

43. I shall now give the system of astronomy tallying with 
observation, which was enunciated in the Kali year 
4708 (janasabha ) after finding from observations, the 
differences in the Parahita system. 

The author now gives the Drk system which was introduced 
to rectify the errors in the Parahita system. 

44. The number of revolutions of the Sun etc. are given by 

4320000 {jnananighna phalavit) 

57753320 (naranga guna satsumam ) 

488122 (rurupadarja vam ) 

2296863 ( laksadatrdhararat ) 
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17937100 

364166 

7022272 

1577917500 


{ anekasugalotsukah ) 

( ksitipabhutalam ) 

(srisakhi khuranasa) 

( anisasayudhasusamsayah) 


The number of revolutions is in the order: the Sun, Moon’s 
apogee. Mars, Mercury, Jupiter, Venus, Saturn and Rahu. 
Nilakantha Somayajin settles these after experimentation, and 
gives slightly different figures in his Siddhantadarpana (vv. 2-5). 


45. The Kalyadidhruva (zero positions at Kali) for Sun, 
Moon, Moon’s mandocca, increased by 90°, Moon’s 
pata (Rahu) decreased by 180°, Mars, Mercury, Jupiter 
Venus and Saturn are: 


ajnatatpara 

(621600) 

hrtam 

(68) 

harihayasannasya (1071828) 

bhimarbhakaih 

(1454) 

mala&obhi 

(4535) 

jalarthi 

(738) 

ratnanrpa 

(1002) 

daityarldya 

(1218) 

naristanaih 

(620) 


where the figure is subtractive for Mars, Mercury and Saturn 
and additive for others. 

No clue is available for interpretation. Several authors 
have given several figures. These are supposed to be the figures 
in the Drk system. The figures if taken as rasi, degrees, 
minutes, seconds etc. do not seem to tally with any system. 
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46. The mandocca of the Sun is 2 r 18° 14' ( bhatyudayadrih ). 
Those of Mars, Mercury, Jupiter, Venus and Saturn 
are 


4' 08° 33' 

( budbudanabhah ) 

T 01° 47' 

( sanghatanartham ) 

5 r 22° 05' 

(m unirudramsah) 

2 r 21° 40' 

( nirbhayarastre ) 

8 r 02° 09' 

( dhenuranandat) 

Except for the Moon, the mandoccas of planets are 

generally fixed. According to Pancabodha (IV.2), the mandoccas 

in Drk are 


2 r 18° 14' 

(vandyo jayasrTh) 

4 r 7° 33' 

(balasunu bhanuh) 

T 7° 47' 

( sarvdrthanatha) 

5 r 22° 05' 

{munmdraramah) 

2 r 21° 40' 

( abhistartrau) 

8 r 02° 09' 

( dhanaratnadaram) 

Nilakantha Somayajin’s Siddhantadarpana (p.45) gives slightly 
different figures. The reading sahghajanartham which occurs in 

H.32 in this work means T 8° 

47'; this is perhaps more accurate. 

47. The radii of Mars and others are given by multiplying 

yajamananasa 

(700581) 

putldhamat 

(5911) 

klta 

(ID 

sunadika 

(1307) 

andhajah 

(890) 


by 10, and dividing by 
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trijagat 

(382) 

nadfna 

(80) 

vistara 

(264) 

maya 

(15) 

kalabha 

(431) and adding 5 


There are many points to be noted. They appear to be 
radii of the epicycles of Mars and others in the Drk system. 
Usually paridhis or circumferences are given. Moreover the 
values at the ends of odd and even quadrants are also given in 
Aryabhata system as in v. 9-10 of this chapter. Even if the 
author wanted to give revised figures, a straightforward way as 
in the earlier stanzas could have been adopted. But, why does 
he resort to a cumbersome method and make the contents 
unintelligible? Do they mean any thing else? One needs to 
investigate thoroughly before drawing a conclusion. 

48. The slghra diameters of Mars and others are obtained 
by multiplying 


upameyaraja 

(821510) 

mantri 

(25) 

dyunirmita 

(6501) 

tamolaya 

(1356) 

naladeha 

(8390) 

by 10 and dividing by 


adhya 

(40) 

videsagulika 

(193584) 

dhvanikrt 

(104) 

cikitsa 

(716) 

yoga 

(31) 


All the remarks on stanza 47 apply to this also. 
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49. The mandajya, sighrajya and kotis can be got by dividing 
the arc into hundreds and thousands and the 
mandaphala and slghraphala have to be obtained 
with the respective radii. Others are as in Parahita 
system. 

In the Aryabhata system the R sine chord is given by 
dividing the arc of 90° into 3° 45’ each and for the arcs in 
between, it is obtained by interpolation. More accurate 
methods using the principle c/(sin 0) = cos 0 dQ is given in 
Chapter IV or even the infinite series is available. One can 
divide the angle 90° in 100 or 1000 units and find out the 
values of jyas. 

50. Find the kotlphala with the sign according to Karkyadi 
or Makaradi, add it to or subtract from R accordingly, 
square it and add it to the square of the manda 
phala, and find the square root. The manda karna 
is obtained by dividing the square of trijya by this. 
Multiply this by the radius of the kaksya and divide by 
21,600 to get the sphuta karna. This is the case with 
Mars and other planets. For the Moon it is like that of 
the Sun. 

Some words are wanting in the verse. The translation is 
given in accordance with standard definition. The idea of squaring 
manda phala is not referred to. Nor is the extraction of the root. 
Moreover dividing by 21,600 is not given for the second part. 
One can change the first two lines of the verse thus: 

khetasya sphutakotimandaphalayorvargaikyamulam tatha \ 
stena syad vihrtardha vistrtikrtirmandasrutistad gunat || 
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According to standard texts 


f Y fa v 

vyasta karna Rcosm J +^-/?sin/n 


where a and b are the radii of mandavrtta and kaksyavrttas 
respectively, R is trijya and m is mandakendra, and ‘±’ sign is 
used according as mandakendra is Makaradi or Karkyadi. 


R 


Mandakarna 


vyasta karna 


Sphutayojanakarna = 


Mandakarna x Radius of kaksyavrtta 

21,600 


51. For Mars and others, divide the Moon’s diameter 
in yojana by 16, 12, 10, 8 and 14 respectively, 
multiply by trijya and divide by sphutayojana karna. 
For the Sun and the Moon also the same method 
is followed. 

52. Multiply the diameter of the earth by the Sun’s sphuta 
yojana karna and divide by the difference in the 
diameters of the Sun and the earth. This gives the 
shadow cone which is on one-side of the earth. Find 
the difference of this from the Moon’s sphutayojana 
karna, multiplied by the earth’s diameter, and 
divide by the product of the radius and the 
sphutayojana karna of the Moon to get the shadow 
in minutes. 
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53,54. Mutually divide the figure obtained by multiplying 
by 2 the sum of the numbers of revolutions of the 
Sun and Rahu and the number of lunar months in a 
mahayuga and form the valll and find the divisors. 
Multiply these divisors by the bhudina and we get 
the harakas for eclipses. Find the mean positions of 
the Sun and the Moon and Rahu, subtract the 
longitude of the Rahu from the mean Sun and convert 
in to minutes. Multiply it by 3803 (lunar days), divide 
by 21,600 (anantapura) multiply the quotient by 716 
(tarkartha) divide by 3803 ( lunadaga ) and multiply 
the remainder by bhudina, divide by the number of 
lunar months and subtract from the number of kali 
days to get the grahana khanda of the Sun and the 
Moon. 

This is for solar eclipses. For lunar eclipses, longitude 
of Rahu has to be subtracted from the mean longitude of 
the Moon. 

The number of Sun’s revolution is 43,20,000. Bhudina = 
1577947500. The number of revolutions of the Moon = 
57753320. The number of revolutions of Rahu = 232300. 

2 x difference of number of revolutions of Rahu and the 
Sun = 9104600 

No. of lunar months = 53433320 
The required continued fraction is 

9104600 _ _1_1_1_1_1_1_1_ 

53433320 5+1+6+1+1+1+ 1 + 
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METHOD OF REFORMING THE COMPUTATIONAL 
METHODS AT A DESIRED TIME 

55. Find the difference between the observed position and 
computed position of the planet into minutes and 
multiply by the bhudina. Multiply the number of 
revolutions by 2160274261 and divide by the earlier 
figure. It has to be added to or subtracted from the result 
according as it is less or more. In the case of the Sun 
the procedure is different. One has to verify the Kali 
days, mean position, khanda and dhruva. 

CONCLUSION 

56. The Kali year 4921 in the 28th mahayuga in the 
kalpa of Vaivasvata Manu, who is the seventh of 
the fourteen Manus with seventy mahayugas each, 
since creation and after the deluge, is now in force. 

57. In this work of mine which indicates the knowledge 
of the Earth, Moon, Mercury, Venus, the Sun, Mars, 
Jupiter, Saturn and the stars, let the wise people 
interested in acquiring knowledge in astronomy, 
show excitement. 

The interesting aspect of this verse is the reference to 
earth among other planets. In Indian astronomy, earth has no 
specific role except that computation is done with reference to 
earth as geo-static system is generally followed. The notion is 
the rotation of bhacakra or circle of asterisms. 

58. Oh! The resident of Lokamalayarkavu ! Mother of 
the worlds, who is capable of being worshipped by 
divine beings, shower the auspicious things to the 
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(work) Sadratnamala, which adorns thy feet that 
have the radiance of the verses of the group of divine 
beings and sages, which is made of gold, and which 
gives pleasure to the world, and to those who wear it 
in their necks. 

This is capable of many interpretations. The work is called 
Sadratnamala, a garland of good gems. The term ‘ trida&a muni ’ 
susanghatapadyoccabhadhya' an adjective of the term sadratnamala 
means “having the radiance of the loud hymns of the divine beings 
and sages”. The work which is Sadratnamala is placed at the 
feet of the Goddess, and the feet are worshipped by divine beings 
and sages, and Sadratnamala also gets radiance of these beings. 
Also ghat a means product and ‘ tridasa muni susahghata' means 
the well formed product of 3, 10 and 7 which is 210. It indicates 
roughly the number of verses namely 3x10x7 =210 ; 'bhadhya' 
can mean that this is to be increased by bha, which is 4 or 27 
Thus total number may be 214 or 237. 4 

However it indicates roughly the number of verses. 
‘Svarnamaya guna yuta' means the garland endowed with a golden 
cord (which unites the gems). As a work on astronomy 
it means with guna (R sine) which is svarnamaya (positive 
or negative). The term ‘ Lokambe' is not allowed in non-Vedic 
Sanskrit, vide - ambarthanadyorhrasvah (AstadhyayT VH. 3. 107). 
It should be dokamba’ 5 . 

The work ends with the word sanmangalani, to indicate 
the wish for auspicious occurrences. 

NOTES 

1. S. Madhavan, “Quasi-Keplerian Model of Suryasiddhanta”, Tantra 
Sartgraha, Indian Institute of Advanced Study, Simla, 2002. 

2. The auto-commentary ends here. The remaining stanzas are also 
translated and explained below. 
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3. Cf. Kuttakavivaranam, BIjaganita of Bhaskara II. 

I 

4. See Appendix of A Modern Introduction to Ancient Indian 
Mathematics , T. S. Bhanamurthy, Wiley Eastern Limited, 1992. 

5. The Varttika, Chandasi va iti vaktavyam suggests it can be used in 
Vedic language. Also, the author might have expressed his deep 
devotion by imitating the Malayalam word ‘Amme’. Words in local 
language or their variants can some times be used. Srlharsa uses the 
word ihgala, in the language of Kanyakubja in his Naisadhlyacarita 
(1.9): 

‘ vitenurihgalamivayaiah pare’ 

The word ihgala means ‘burnt log of wood’. 

Also 'Lokamba siddhasevye ’ appears to indicate the Kali day 
on which the work was completed. By assignment of Katapayadi 
numerals it is indicates 1797313. This corresponds to 10th December 
1819. 
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APPENDIX I 

ELEMENTS OF ASTRONOMY 

Who is not enchanted by the myriads of twinkling stars 
that adorn the dark blue velvet of the night sky? The advancing 
night which sprinkles stars all over the sky excites the poet’s 
imagination who lets his fancy roam everywhere. The average 
man, however is forced to be indifferent to the celestial 
phenomenon. He finds pleasure in slumber after toiling and 
moiling during the day. But there is one man who is really 
serious, trying to learn about the stars. He is the star-gazer. He 
searches for his celestial companions with the guidance of his 
telescope and silently engages in computation. But, what is he 
actually doing? What does he measure and what does he 
compute? What is the frame work in which he does his 
operations? One needs to know these before taking to a serious 
study of Astronomy. 

The first task is to identify the stars. The primitive man 
to whom the stars were pieces of wonder imagined fanciful stories 
about them. An old Malayan story asserts that the stars were 
the children of the Moon - mother who brought her children out 
only during the night, when jealous Sun who had no children, 
was not present. The Milky Way used to be identified with the 
celestial Ganges. Despite these descriptions of excited 
imagination, the early man took great efforts to study the stars. 
The method of identification of stars is much like identifying a 
house in a city; give the name of the street and the number of 
the house. Since it is difficult to identify the stars unless they 
are sufficiently bright, stars are arranged in groups called 
constellations first and then with the constellations, the stars 
are identified. The constellations are given names after the 
animals or objects which they are supposed to resemble. 
Sometimes they are named after characters in mythology. 
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‘Saptarsimandalarri for instance is named after the seven sages, 
Marici, Vasistha, Angiras, Atri, Pulastya, Pulaha, and Kratu. The 
faint companion of Vasistha is named after Arundhati. 

The general method followed in the West is to give a Latin 
name to a constellation and name the individual star as Alpha, 
Beta, Gamma etc. of the constellation in descending order of 
brightness. Thus Canis major is a group of stars supposed to 
represent the figure in the form of a dog. The brightest star in the 
group is called Alpha Canis Majoris. This star is also known as 
Sirius ( Lubdhaka in Sanskrit) and is the brightest star in the sky. 
Bright stars have generally individual names. There is an important 
group of constellations called the Zodiacal constellations viz., 
Aries, Taurus, Gemini, Cancer, Leo, Virgo, Libra, Scorpio, 
Sagittarius, Capricorn, Aquarius and Pisces. The constellation 
Aries is so called because of its supposed resemblance to a ram. 
The brightest star in the constellation is Alpha Arietis; the second 
is Beta Arietis and so on. Indian astronomy refers to twelve rasis 
or signs as Mesa, Vrsabha, Mithuna, Karkataka, Simha, Kanya, 
Tula, Vrscika, Dhanus, Makara, Kumbha and Mina, which are 
supposed to be same as above. But Mesa represents a portion of 
Zodiac of length 30° Vrsabha represents the region of length 30° 
that follows, and finally Mina represents the last 30° of the Zodiac. 
One striking feature of Indian astronomy is that though Mesa 
represents a zodiacal rasi, no constellation or group of stars is 
identified as Mesa. Similarly none of the 12 Zodiacal rasis is 
represented by an actual group of stars identified as Mesa. On 
the other hand, Mesa is identified with AsvinI, BharanI and the 
first quarter of Krttika. Vrsabha is identified with 2 nd , 3 rd and 4 th 
quarters of Krttika, Rohinland first two quarters of Mrgaslrsa and 
so on. Thus all the 27 naksatras are distributed among the 12 
zodiacal rail's, each sign receiving 2 naksatras and a quarter. These 
naksatras are actually, represented by groups of stars. For 
example, AivinI is a constellation of three stars resembling the 
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face of a horse. Each naksatia has a principal star or yogatara, 
which is generally a bright star of the group. However the two 
classifications do not completely coincide. Sravana or Altair, the 
principal star of the naksatra sravana is in Makara radi. One may 
expect it to be in the constellation Capricornus. But it is actually a 
star in the constellation Aquila. It is true that there are common 
stars in the two classifications. But they are not completely identical. 
But it is not important as the Mesa rasi, and the stars Asvini, Bharani 
and the first quarter of Krttika are identical and similarly for the 
other zodiacal rasis&nd the corresponding naksatras. We have given 
illustrations of the constellation Leo, which consists of the principal 
stars of Magha (Regulus), PurvaphalgunI (Delta Leonis) and 
Uttaraphalguni (Denebola) and Leonis and Dipper, the constellation. 
(See figures 1 and 2). 



The Dipper ( Saptarsimandalam ) 



Figure 2. 
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We shall give below principal stars ( yogatara ) of the 27 
naksatras, and the corresponding names in the West, 


Naksatra 

Western Name 

AsvinI 

Beta Arietis 

Bharani 

41' Afietis 

Krttika 

Eta Tauri (Alcyon) 

Rohini 

Alpha Tauri (Aldeberran) 

Mrgasirsa 

Lambda Orionis 

Ardra 

Alpha Orionis (Betalguese) 

Punarvasu 

Beta Geminorum (Pollux) 

Pusya 

Delta Cancri 

Aslesa 

Alpha Cancri 

Magha 

Alpha Leonis (Regulus) 

PurvaphalgunI 

Delta Leonis 

Uttaraphalguni 

Beta Leonis (Denebola) 

Hasta 

Delta Corvi 

Citra 

Alpha Virginis (Spica) 

Svatl 

Alpha Bootis (Arcturus) 

Visakha 

lota Lobarae 

Anuradha 

Delta Scorpii (Scorpiouis) 

Jyestha 

Alpha Scorpii (Antares) 

Mula 

Lambda Scorpii 

Purvasadha 

Delta Sagittarii 

Uttarasadha 

Delta Sagittarii (Sigma) 

$ra vana 

Alpha Aquilae (Altair) 

Sravishta 

Alpha Delphini 

Satabhisak 

Lambda Aquarii 

Purvabhadrapada 

Alpha Pegasi 

Uttarabhadrapada 

Alpha Andromedae 

RevatT 

Zeta Piscium 


In the book Popular Hindu Astronomy by Kalinath 
Mukherji an attempt has been made to identify Mesa, Vrsabha 
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etc., i.e., zodiacal rasis as constellations. The identification is 
done with the help of scriptures and Sanskrit Literature. 
However there is no conclusive proof to show that such a system 
of describing the rasis as constellations was actually in force in 
ancient India. It is likely that such a system was prevalent in 
ancient India and the knowledge of this system was lost with the 
passage of time. 

One understands what is meant by a sphere. Any section 
of a sphere by a plane is a circle. When the plane passes through 
the centre of the sphere, the section is called a great circle, 
otherwise a small circle. In the strict sense of the term, the 
earth is not spherical in shape, but spheroidal. But as an 
approximation we shall treat the earth as a sphere and build 
our concepts. Any observer of the sky notes that the celestial 
bodies rise, move upwards, and set. Dynamical considerations 
force us to conclude that the earth rotates about an axis. We 
observe that the rotation is from west to east. This axis meets 
the earth in two points on earth called the North and South Poles. 
The terms Meru and Bada vamukha are used to designate these 
in Indian astronomical literature. All the points equidistant from 
the two poles lie on a great circle called the equator, known as 
Niraksarekha in the Indian system. All circles that are passing 
through the North and the South poles are called meridians or 
circles of longitude and small circles along planes parallel to 
that of the equator are called parallels of latitude. The meridian 
which passes through Greenwich is called the Universal 
Meridian. For any place on earth, the terrestrial longitude is 
determined thus. Draw the circle of longitude through the place 
A. Let the Greenwich meridian and meridian through A meet 
the equator at G' and A' respectively. Then the length G'A' 
which is the same as the angle subtended by G'A' at the centre 
of the earth is the longitude. Longitude varies from 0 to 180° 
and can be east or west of Greenwich. The parallels of latitude 
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determine the position of a place north or south of the equator. 
For the place described above, terrestrial latitude is North or 
South according as the place is north or south of the equator. 
The terrestrial latitude is measured by the arc of the meridian 
through A intercepted between A and the equator. It varies 
from 0 to 90°. For an observer in the North Pole there will be 
no north, east or west. There is only South. Similarly for an 
observer in the South Pole, there is only North. 

For any observer, the sky appears in the form of a 
hemispherical dome with the stars as points of light spread on 
its surface. Naturally an astronomer imagines a celestial sphere 
around him. He, treated as a point, is at the centre of the sphere. 
He finds the positions of the stars and other celestial bodies as 
seen on the sphere. The star Sirius, for example is at a distance 
of 8.7 light years from the earth, and the star Alpha Centauri is 
at a distance of 4.3 light years. But he uses the projections of 
these on the celestial sphere for his immediate study, through 
the actual positions arc required in some other contexts. Now 
the properties of the sphere and methods of spherical Geometry 
and Trigonometry can be effectively applied to study the 
movement of celestial bodies. 

Given any two points, we can always draw a great circle 
joining them. The distance between any two points on a sphere 
is measured by the arc of great circle joining them. This is 
taken to be the angle subtended at the observer’s position by 
the two points. The term horizon is used in common life and 
one is intuitively aware of what it is. Varahamihira the 
celebrated astronomer of Ujjain, defines it as a circle along 
which the sky and the earth appear to meet. More formally, 
we can define horizon as the great circle of the celestial sphere 
intercepted by the tangent plane at the earth’s surface at the 
observer’s position. The point of celestial sphere that is 
vertically overhead is called the Zenith (Z) and its antipodal 


^mjcLaj-Ujtll€ixlL 




APPENDICES 


229 


point, the point diametrically opposite to it, is called the Nadir 
(A). The earth’s polar axis when extended in either direction 
meets the celestial sphere in the North and South celestial 
poles. The North Pole is conveniently located with the help 
of the pole star. The point on the horizon below the North 
Pole is called the North Point. From this the South, the East 
and the West points can be fixed. One important principle is 
that the height of the pole above the horizon is equal to the 
latitude of the place. For any circle on a sphere, the diameter 
of the sphere perpendicular to the plane of the circle is called 
its axis and the points of intersection of the axis with the sphere 
are called poles. For any circle, a great circle through its 
poles is called a secondary. The great circle with the north 
celestial pole and south celestial pole for poles is called the 
celestial equator. The celestial equator divides the celestial 
sphere into two hemispheres, the northern and southern 
hemispheres containing respectively the north and south 
celestial poles. The meridian of a place is the great circle 
passing through the Zenith, the Nadir and the poles. Verticals 
are secondary to the horizon and the vertical through the East 
and West points are called the prime vertical. Any careful 
observer can see that the Sun is having an eastward motion in 
the sky with respect to the fixed stars. Observe the eastern 
horizon before sunrise. Certain stars will be visible near the 
horizon which gradually pale into insignificance with the arrival 
of the Sun at the eastern horizon. Repeat the process 
continuously for a few days. One can notice the group of stars 
visible near the horizon changes continuously suggesting 
thereby an apparent motion of the Sun eastwards with respect 
to the stars. The Sun completes the revolution with respect to 
the stars in the course of a period called a sidereal year. The 
apparent path of the Sun is called the ecliptic. This apparent 
motion is actually due to the earth’s revolution, in the orbit 
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around the Sun. The Zodiac or Zodiacal belt consisting of 
the constellations Aries, Taurus, Pisces . . . covers the 
ecliptic. The ecliptic is defined as a great circle of the 
celestial sphere and it is inclined at about 23° 27' to the 
equator. The points of intersection of the celestial equator 
and the ecliptic are called the first point of Aries (y) and 
the first point of Libra (Q). The point at which the Sun leaves 
the southern hemisphere to the northern hemisphere in the 
west to east motion along the ecliptic is called the First 
point of Aries(y). The other point is called the First point of 
Libra (Q). 



Figure 3. 


E 

- the East point. 

W 

- the West point. 

P 

- the North celestial pole 

ns 

- the celestial horizon. 

QR 

- the celestial equator. 

HL 

- the ecliptic. 

7 

- the First point of Aries. 

n 

- the First point of Libra. 

K and K' 

- the poles of the ecliptic. 
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HL 

K and K' 

S 

D 

yD 

SD 


the ecliptic 

the poles of the ecleptic. 
a celestial body. 

the foot of the secondary through S. 
the (celestial) longitude of S. 
the (celestial) latitude of S. 


It is necessary to acquaint oneself with the system of 
co-ordinates used for fixing the positions of stars and planets. 
Since we are not using all of them in the book, we shall discuss 
some of them which are relevant to the understanding of the 
concepts in Astronomy. The height of any body above the horizon 
is measured by its angular distance above the horizon along the 
secondary to the horizon through the body, and is called the 
altitude. If S is a body and SD is a secondary to the horizon D 
being the foot of the secondary then SD is the altitude. The 
angular distance measured from the North point (or the South) 
eastwards upto D is called the azimuth of the body. In this 
system the coordinates are with reference to the horizon. We 
can choose equator and a suitable origin for defining another 
system. Let S be a body. Draw SD secondary to the equator. 
D being the foot of the secondary. Then yD measured eastwards 
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is called the right Ascension and SD is called the declination. 
The declination is measured positive or negative depending on 
the hemisphere to which S (North or South) belongs. This system 
is generally used to give the positions of stars. We now start 
with the ecliptic and define another system. Let S be a body 
and SD, secondary to the ecliptic, y D measured eastwards is 
called the celestial longitude and SD is called celestial latitude. 
SD is measured north or positive and south or negative as the 
case may be. See figure 4 for a representation. 

For any body, AZPS measured westwards is called West 
hour angle and measured eastwards is called East hour angle. 

In Indian system also the similar concepts are used. The 
pole star is called Dhruvanaksatra and the pole is called Dhruva. 
The equator is called V/suvadvrtta and the ecliptic is called 
Apamandala, Ravimarga or Krantivrtta. Longitude is known as 
Sphuta and the latitude is known by the name Viksepa. Kranti 
is the term used for declination. Altitude is called nata and the 
zenith distance is known by the term unnata. Though right 
ascension is not generally given any name, the concept is used. 
One can call it Visuvadvrttlyasphuta. Kalamsa is the term used 
to refer to the hour angle. There are many other equivalents, 
which are explained then and there in the text and in the list of 
technical terms. The principal meridian was taken to pass 
through Ujjain and the point of intersection of this with equator 
is called Lanka. 

There is a need to explain ayanacalana or precision of 
the equinoxes. The first point of Aries is having a retrograde 
motion in relation to the stars at the rate of about 50".2 per 
annum. In Indian system the longitudes are sidereal. In others 
they are measured from a fixed point of the ecliptic (w.r.t. stars) 
called Mesadi. Longitudes measured from Mesadi are called 
nirayana longitudes and those measured from first point of 
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Aries are called Sayana longituides. The two differ by a quantity 
called ayanamsa the value of which is a disputed one. 

Due to the rotation of the earth stars and celestial bodies 
move in a small circle parallel to the equator. It is called 
ahoratravrtta and its radius is called dyujya. The term trijya is 
used for the radius used in R sine tables and is taken to be 3438' 
in the Aryabhata school. 

The notations used are explained at the time of the first 
occurence in the text. Figure 1 gives the normal motions used. 
The latitude of a place is denoted by (p , the Sun’s longitude by 
£, declination by 8, obliquity by © (called paramakranti). 
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APPENDIX II 
KUTTAKARAGANITA 

The development of Astronomy and Mathematics in Kerala 
during the period from 4 th Century A.D. to 19 th Century A.D. 
had been very significant. Starting from Candravakyas of 
Vararuci (4 th Century A.D.) to Sadratnamala (1823 A.D.) there 
are a number of works of great intrinsic importance. The 
mathematical devices used in these works include computational 
devices, shortcut methods to circumvent brutal force methods 
involving labour and time. Spherical Geometry and 
Trigonometry, pioneering methods in Calculus, successive 
approximation, inverse interpolation and a host of many other 
things which still remain unexplored without seeing the light of 
the day. 

One of the areas in which Kerala mathematicians 
developed their skill was Kuttakaraganita. It is. a complex 
process dealing with rule of three continued factions and 
indeterminate equations. Though Aryabhata has given 
Kuttakaraganita ( Aryabhatlya , Ganitapada 32, 33), it was 
developed and applied admirably to several problems by Kerala 
astronomers. One of the earliest accounts is given in 
Govindasramin’s (800 - 850 A.D.) Govindakrti. The work is 
not available now, but 22 stanzas describing the process have 
been quoted in the commentary of Sankaranarayana (825 - 900 
A.D.) on Laghubhaskariya. This study of Kuttakara was followed 
by later mathematicians as evidenced by Tantrasangraha, 
Yuktibhasa etc. 

It is to be observed that the process of Kuttakara is 
motivated by Astronomy. Let x be the number of days, (round 

bx 

the earth), b the number of revolutions in a days. Then — 
gives the mean position of the planet. This may not be an integer. 
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Thus we can write *— ° = y where x and pare integers. This 
takes the form bx~ay= c. c is called ksepa or suddhi according 
as it is positive or negative. Normally b is the number of 
revolutions and c may be in rasi (30s), degrees or minutes, b 
has to be multiplied by 12', 360° or 21600 according as c in 
rasis, degrees or minutes. This gives b and c in the same 
units (rasi, degrees or minutes) whereas x and y are positive 
integers. We should first take b > a. We have to solve the 
equation. 

bx- ay~ c 
bx±c 

or equivalently the equation -= y . Here b is called 

a 

the bhajya and a the haraka. This is called niragra Kuttakara, 
the other type being sagra Kuttakara discussed later. The 
equation bx — ay = c can always be written in the form in which 
a and b are prime to each other. Even if they are not so they 
can te divided by the Highest Common Factor of a and b and 
reduced to lowest terms. This process is called apavartana. In 
this form they are called drdha (firm) bhajya and drdha haraka. 
If a = a'h and b= bt h, then we get tfhx- a'hy = c/h and since 
b'hx and a'hy arc integers, c!h is also an integer. We shall now 
consider equations of the form bx - ay= c where a and b are 
prime to each other, where a > 0, b > 0 and c is a positive or 
negative integer. 

Solution of the equation 

Let b > a. Then divide b and a mutually and get the 
quotients q x , q 2 , . . . and remainders r t , r, . . . Thus 

b =q, a + r, 

* = r , + r 2 
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h F l + ^ 


r n-\ Qn+ 1 r n + r n+l 

Continue till r =1 

n + 1 

For example, if 

a = 449 and b= 12372 

then the quotients are 27, 1, 1,4, 12 and remainders are 
249, 200, 49, 4, 1 


1 

449 

12372 

27 

4 

200 

249 

1 


4 

49 

12 



1 



The method of solution is described below 
We form the following valll showing quotients 


<h 


V n 

Qn+\ 


where q is the if' quotient. We note that b> a and b and a are 
called haraka and bhajya. The remainders of odd order are 
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generated by b and are called harakasesas and the remainders 
of even order are called bhajyasesas. Usually r n is chosen as a 
bhajyasesa. When bhajyasesa is sufficiently small we find m 
called mati such that 


T n m + c 



is an integer. The result is called matiphala. m can be 
chosen to be the smallest integer such that 

T n ™ + c 

r n-x 

is an integer. In general the aim is to get the least integral 
values of x and y such that x < a and y < b. Even if the value of 
m is not chosen like that, the required solution can be obtained 
by the process called taksanam, described later. After finding 
m we form the valll 

91 

<k 


m i: 

p 

r„ m + c 

where P . Find mq n + p= s x and write it against 

q . Then find 

* n 
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f 2 = ?„-. 5 . +m 

S 1 = 3,-2 S 2 + *1 

Proceeding thus we complete the valli, the process called 
Vallyupasamhara. The last value is that of y and the next is 
that of x. In the process of solving the equation 

12372*- 449^= 1, we mutually divide 12372 by 449 
and get quotients 

27, 1, 1, 4, 12, 

and the remainders. 

247, 200, 49, 4, 1. 

We form the valli 


27 

I 

1 

4 

12 

1 


We can write the equation as 


_ 1 + 4497 
12372 ' 


449 is bhajya and the remainders of even order are 

bhajyasesas. We can choose 4, being sufficiently small, we 
4.12 + 1 

observe that ——— = 1 , 12 being the smallest integer to make 
the quotient an integer. Then m = 12. We form the 
vallyupasamhara 
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27 3031 

1 110 

1 61 

4 49 

12 

1 

4.12 + 1 = 49 

49.1 + 12 = 61 

61.1 + 49 = 110 

110.27 + 61 = 3031 
We get x =110 and y = 3031 clearly 
12372.110 - 449.3031 = 1 
and 110 < 449 and 3031 < 12372 

The above problem can be done by taking a harakasesa 

instead of bhajyasesa. Remainders of odd order are harakasesa. 

In this case iuddhi and ksepa have to be interchanged. In the 

problem we have ksepa equal to 1. We take Suddhi to be 1 

49m -1 

and find mad. Thus mad is m such that - is an integer. 

200 b 

We can take m - 49. Then 

49.49-1 2401-1 

- = - = 12 

200 200 

Madphala = 12. We form the valll 

27 3031 

1 110 

1 61 

49 
12 
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49.1 + 12 = 61 

61.1 + 49 = 110 
110.27 + 61 = 3031 

We get the same solution. 

Other cases 

We can always write equation in the form bx- ay = c 

ay + c 

where b > a where c > 0. x = - where a is called the 

b 

bhajya and b haraka. We considered above the case b > a. 
We shall discuss the other case now i.e., b > a. 

In this case also a and b have to be mutually divided as 
before and the quotients and remainders obtained. In this case 
the bhajyasesas are of odd order. Consider the example 

449j - 12372* = 1 
1 + 12372* 



The quotients are 27, 1, 1,4, 12, and remainders are 249, 

200, 49, 4, 1. We shall consider the 5 th remainder which is 

bhajyasesa. The mati ,m is to be chosen in order to make l m + - 

an integer. We can take m = 3. Matiphala is 3,1 + 1 = l 1 

4 

We form the valll 

27 9341 

1 339 

1 188 

4 151 

12 37 

3 
1 
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12.3 + 1 = 37 

37.4 + 12 = 151 

151.1 + 37 = 188 

188.1 + 151 = 339 
27.339 + 188 = 9341 
.*= 339 and ^= 9341 

One can verify that 

449.9341 - 12372.339 

= 4194109 - 4194108 

= 1 


The same problem can be done choosing a harakasesa 


instead of a bhajya&esa. But the mati m has to be chosen such 
r n m + c 

that - is an integer. If we choose the remainder 12 of 

r »-i 12m-l 


even order, then choose m so that - is an integer. The 


rest is as before. 


The process of taksana 

Now it is necessary to describe the process called 
taksana in which the values are replaced by the remainders 
when solving the equation 

bx- ay - c, 

we look for the least integral values of x and y. When the values 
do not conform to this requirement, we do taksanam. Let x = x 
y— y i be solutions such that x^> a and y > b. If x and y are 
solutions then bx - ay = c . If any other solution is x = x , 
y — y t then bx l — ay { = c 

Thus b{x - Xj) - a [y - y t ) = 0 
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We can write x = x { + ap 
y=y l + bp 

In particular we can take x = r x + ap and y= r 1 + ap. If x < a , 
then 

ay - bx - c (where c > 0) 

< ab 

i.e., y< b 

Therefore there exists solutions of the form (r^ r 2 ). If now a ( 
and y are solutions we can write x t = pa + r t and y l = pb + r 2 
where 0 < r < a and 0 <, r 2 < b. 

Then b (pa + r ( ) - a (pb + r 2 ) = c 

i.e., bpa + br - apb- ar 2 = c 

i.e., br { = ar 2 = c 

The solutions are given by x = r, and y= r 2 as desired. 


Example 


Solve 13a - 5y= 3. 


We divide 13 and 5 mutually and get the quotients 2, l, 

5 ^ + 3 

1 and remainders 3, 2,1. The equation is of the form —— - x 

and bhajya is less than hiraka. Taking the remainder 1 of 

odd order, that is harakasesa, we get mati m so as to get 
1./J7 —3 9-3 

—-— = an integer. We take m = 9 so that ^ -3 . 

Matiphala is 3. We form the valll 
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r Q 

3 2 54 2 

2 1 21 1 

1 1 12 0 

9 
3 

9.1 + 3 = 12, 12.1 + 9 = 21, 21.2 + 12 = 54. 

The solution is given by a =21 and y =54. Since they 
are not the least, dividing by 5 and 13 respectively we get x= 1 
and y = 2, the remainders as the required solution. Clearly 
13.1 - 5.2 = 3 

Taksanam can be done at a lower stage. Since 12 > 1 
(the corresponding remainder), dividing 12 by 1 we 
get remainder 0. Since 21 > 2, dividing 21 by 2 we get the 
remainder 1. Now 1.2 + 0 = 2 is the value of y. Thus 
the solution is given by a= 1 and y-2. 

Procedure when it is difficult to find the mati 

If is difficult to find the mati after a few steps, continue 
till remainder is 1 for bhajya or haraka. In the former, we can 
take ksepa as the mati. In either case matiphala is zero. 

One can constitute the valli as usual and find the 
solution. This means that when bhajyaharaka is 1, for 

ax + c 

the equation y = —— , - cn is the mati and harakasesa is 1. 
c is the mati. 

Example 

Consider the equation 1 3 a - 5 y =3 

The quotients are 2, 1, 1 and remainders are 3, 2, 1. 
Take mati = 3 and matiphala = 0 and construct the valli 


SI M.cLcrL<ra.tJ2j€LL c iFh.u.tJt-A- 


244 


sadratnamAla 


q 

2 15 

1 6 

1 3 

3 
0 

Dividing b by 5 we get the remainder = 1 and dividing a by 
15 we get the remainder 2, the solution is given by x = 1 
and y= 2. 

13a- - 5/ = 3 
In this we can write 

13at-3 

so that 13 is bhajya and since we get - 3 ( §uddhi ) as the constant, 
+ 3 is mati. 

We shall next consider the case 
5y- 13x =3 


In this case 


13a: + 3 
5 


— y . Therefore mati is -3. One 


can take mati as -3 and proceed. Then we get the valll 



The solutions are given by x = -6 and y= -15. Effecting 
taksanam we get 
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x = - 6 +5.2 = -6+10 = 4 
y = - 15 + 2.13 = 11 
5.11 - 13.4 = 55 - 52 = 3 

In general the negative numbers are not used. The 
mad is taken to be positive and the solution obtained in the 
usual way if the solution is x r and y t , then b - x { and a - y 
are taken as the solutions. 
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APPENDIX in 

MATHEMATICAL JUSTIFICATION 
FOR THE PROCEDURE OF EXTRACTING 
SQUARE, CUBE ROOTS GIVEN IN 
CHAPTER I, VERSE 19 


by Dr. V.K. Krishnan 

1. Finding Square Roots 

The procedure given in the verse can be stated in modern 
mathematical language as follows : 

THE PROCEDURE : Let Nbc a positive integer. Starting 
with an arbitrary positive integer a Q , find a n , b n for a = 1,2,3 . . . 
as follows : 


N 


"l 


, *.= 


Jn-l . 


_2 


Then 

(a) a = a , for some n ; 

n n + Z 


(b) if a = a , for some n, then a n ~ 

n n + 2 


2 {a " 


+ a n+ 1> 



Proof (a) As usual, we use O] to denote the greatest of 
the integers not exceeding x. Let ] = m - Since 

a = Vi {a , + b) or 1/2 (a ,+ b -1), we see that 

n n-J n r n-1 n 


a » 5 



+ b„) 


<S 



< 


£ 

2 


< a »-i + b »+i> 5 «„+l 


^MjcLatIxitllcjclL Fh-iuLh-A- 




APPENDICES 


247 


Thus 


a 


n 


2 


/ 

a n -1 
V 



+ ^J 


for all a > 1 . 


Moreover 


a„ + 1 > - 

" 2 


a n- 1 +' 


N 


> -Jn >m 


d n-\ ) 


and hence a 2 + 2a + 1 > N > m 1 . It follows that a > m and 

n n n 

a 2 +2a > N for all n > 1. 

n i) 


N N 

If a > m + 1, then - , < /n+ * - a n , and so 

" a„ m +1 

N_ 

2a ^ < a + <2 a . Thus, a , < a if a > m. So we cannot 

n+l n a n 7 n + 1 n n 

have a > m for all 77 > 1. Since a > m for all n > 1, we see that 

n n 

a — m for some n. 

n 

Let a - 777 . If N= m l + 2m, then 

n 7 

N 

a„ + — = 2m +2, a n+l = 777 +I 

a n 

and hence, a n+2 = m = a n . If N< 777 2 + 2t 77, then 

jV - 

T77 2 < N < 7T7 2 + 2777, 2777 < 3 n + < ^ Jn 

a n 

and hence, a n+i = m = a n . This proves (a). 
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(b) Suppose that a = a ^, for some n. If a > m + 1 and 
a > m + 1, then a .> a ^ , > a , , as observed above. 
So we must have a = m or a = m. Let a = m. Then a = m 

n 1 n jj+ 1 

or m + 1, as above, and [+ a /I +i)] = m in either case. 
If a n + t = m, then the same argument shows that 

[j( a n +i +^ +2 )]= m But a „+ , + a „ + 2 = a n + a n* 1’ ThiS P rOVeS 

(b). 


2. Finding Cube Roots 

The procedure in this case is as follows in modern 
mathematics language. 

The Procedure : Let Wbe a positive integer greater than 
63. Starting with an arbitrary positive integer a Q , find a n , b n , c n 
for n = 1,2,3, ... as follows : 





n -1 


+ c„ 


)]■ 


\[n 


Then 

(a) a = a , for some n ; 

n n+ 2 

(b) if a n = a n+2 for some n, then [jfo, +*„+,)] = j. 
Proof (a) As before [*] denotes the integral part of x. Let 

r n i 


= p and [/?] = m. Note that c n 



and hence. 




+ c 


») - 2 


*»-i + 


N 

a l-\j 


< \ +1 • 
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a n + '^ 7 j>x > 0. Then a n = [/ for 

n> 1. Moreover if x> m+ 1, then N< x 3 , and so f{x) < x. This 
shows that a < a p if a p > m + 1. Consequently, we must have 
a < m for some n > 1 . 

n 

Case I : Let a = 772 for some 77. If N < ir? + Inf- , then 

n 

n 

m ~ —7 <m + 2 , and so m< f(m ) < m + 1 , 
m 

a = [/(a )] = [/ (J 73 )] = m - a . 

If TV 5: in 3 + 2nf , then 

N 3 

m + 2 < -- < 772 + 3 H- <777 + 4 , 

777 777 

N 

777 — 1 < -— < 777 + 1 . 

(777 + 1) 2 


Let /(a) — 2 


It follows that 

777 + 1 < f{rn) < 777 + 2, 777 < /<777 + 1 ) < 777 + 1 . 

Thus, if TV > 777 3 + 27T7 2 , then 

a n+l = [f(ltl)] = 777 + 1 , a n+2 = [/(7T7+ 1)] = 777 = 3,. 

Moreover, [14 (a + a T] = 777 whether a mot m+ 1. 
Case II : Let a = 777 - 1 for some n. Then (a + l) 3 < N 

/7 n 

< (a + 2) 3 . Since a = m — 1 t 3, we get 

„ TV 12 8 

77„+3< — <a n +6 + — + — <<?„+6 + 5, 
a„ a„ a, 

77 77 /7 

3 11 

a n + — < f {a n \ < a n +— . 


^MjcLatIxitllcjclL Fh-iuLh-A- 


250 


sadratnamAlA 


Thus, m + Zz < f{aj<m + 9/2, and hence, a r+l = 
[/(a^)] = m + k, where 0 <. k <, 4. 

If a = m, then a = a , by Case I. Suppose that a , = 

tf+1 n+ 3 n+1 J ** n +1 

777 + 1. Since 

(777 — 2) (/n + 1) 2 < ttt 3 < A/< (777 + 1 ) 3 , 

AT 

we see that m — 2< - —— < 772 + 1 and hence, 

(/n + 1) 


m-V. j < /(m+ 1) < 777 + 1, a n+2 = [/(a ji+) )] = m - 1 or m. 


If a __ = 727 - 1, then a = a , and if a = m, then apply 

/?+2 fl + 2 /j 77+2 1 1 


Case I. 


Next suppose that a fl+1 = m+ k, with k- 2, 3 or 4. Then 


m + k <—\ m — 14* 


AT 


(m- 1) 


< 727 +A + 1 , 


777 + 2A + l<- 


N 


(m~ir 


• < 727 + 2A + 3 . 


If k = 2, this implies that (722 + 5) (722 - l) 2 < N < 
(722 + 7) (777 - 1 ) 2 , and hence, 

(722 - 2) (722 + 2) 2 < (722 + 5) (722 - l) 2 < Af< 722(722 + 2) 2 , 

722 < f(m + 2) < 722 + 1 . 

It follows that if a n+1 = 722 + 2 , then a n+2 = 722. Similarly, we 
can see that if k = 3 or 4, then again, a n+2 = 722. We can apply 
Case I if a = m. 

n +2 

Note that a = a _ only when a,.. = 722 + 1 , and 

n n +z 

so I/2 (a + a ^,)] = 722. 

■* n n + l 
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Case III : Let a < m - 2 for some n > 1 . Then a = 

n n 

p - s where s > 2. 

x x N (N V 

Since 2/(;r) =—I- 1—r>3— p by AM-GM 

2 2 x 2 U ) 

inequality, we get 


3( 1 V 3 5 

f{x)>— — p >- p for all x > 0. 

2U; 2 2 

Thus, we see that a n +1 > / (a n ,) > (15/16)/? for all 
nk. 1. Hence /?- 1 > /? - s + 1 > (15/16)/?. This implies that 

/?> 16, a n > (14/16)/?, s = p- a n < p/ 8. 


Since ^ < p we have 3a* s<p 3 -a 3 n <3p 2 s . Thus, 


/v /? rgy 

35 > —- —a <3 — 5 <3 — 5 <45 

UJ W 

2 a + 35 < 2 f(a ) <2 a + 45. 

n n’ n 

Thus, a n +) + 1 > f (a) > a n + 3s/2 = p + s/2, 
and a n+1 * fl*) < a n + 2s = p + s. Let a n+ , = p + t. 
Then t > s/2 - 1 > 0 and t < s. 


Similarly, since, a n+l > /?, we have 3 p*t < a 3 - p" 


< 3a 2 t. Thus 

n +1 


i p N 

3 — t<a„ +l - —<3f 


Since t < s < /?/8, we get a n+l < (9/8)/?, and so 


3 t>a B+l --— > 3(8/9) 2 f > 2t 

a 1 
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2t-2a n+{ > -2/(a„ +l ) > 2/-2a (j+1 ; 
that is, t - 2p> - 2/(a n+l ) > - 2p. Hence, 

p~ tn </ K + .) < ^ +2 + ^ +2 ^ / KJ < A 

* n+2 > /> ~ t/2 - 1 > p - 5, = a , a +2 < m. 

Thus, a n < a n+2 < m. If a n+2 <m - 2, repeat the argument. 
Thus, we can find some k> n with a k = m or m — 1, and then 
apply Case I or II. This finishes the proof of (a). 

(b) Suppose that a = a n+2 for some n. Then a n+l = [/(aj ] 
= [/(a ,)] = a , It follows from Case El that a > m - 2 and 
a > m - 2. If a > m + 1 and a > m + 1, then a > a ^ 
> a n+2 as observed in the beginning of the proof. Thus, we get 
a <ivot a < m.lf a < m, then a = m or m- 1. In either case, 

we get +*„+,> = m , as shown in Cases I and II. Similarly, if 

a n +1 < m , then +*„«> =* since a o , = a n+3 But 

a + a , = a J . 1 + a This proves (b). 

n /7+1 « + l /?+2. r 



TECHNICAL TERMS 

[ cp - latitude of the place, 8 - declination of the Sun, 
to - the obliquity] 


Adhimasa 

Intercalary Month 

Agra 

Amplitude at rising, North-West 
distance of the rising point from the 
East-West line or R Sine of that. 

Ahargana ( Dyugana ) 

Number of days from the epoch. 

Ahoratra vrtta 

Diurnal Circle. 

Akasa kaksya 

Boundary circle of the sky having 
linear distance travelled by a planet in 
yuga , 

equal to 124,74,72,00,76,000 
yojanas. 

Aksa 

TrijyS x tanG 

tan 10 

Aksa 

Terrestrial latitude. 

Aksa-drk-karma 

Reduction due to the latitude. 

Aksajya 

R sine (terrestrial latitude). 

Aksavalana 

Deflection due to latitude. 

Arigula 

A linear measure, inch. 

Antyakranti 

Maximum declination (of the Sun). 
Taken as 24° or more accurately as 
23°27' 

Apakrama 

Declination, Obliquity of the ecliptic. 

Apamabana 

R—R cos (declination). 

Apamandala 

Ecliptic. 

Apavartana \ 

Process of finding HCF, Abrader. 

Ardhajya (jySrdha) ) 

R sine. 

Arkagra j 

The amplitude of the Sun at rising or 
the R sine of that. 
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Asu 

Asita 

Astalagna 


Astamaya 

Avama 

Ayana 

Ayana-Calana 
Ayana - drk-karma 

Ayanamsa 


Bhacakra 

Bhaga 

Bhagola 

Bhakuta 

Bhoga 

Bhu-bhramana 

Bhucchaya 

Bhudina 


Bhuja ( Bhuja) 


Bhuja-phala 


Unit of time equal to 1 /6 of a vinSdi 
i.e. 4 seconds. 

Non-illuminated part of the Moon. 
Setting point of the ecliptic, point of 
intersection of the Western horizon 
and the ecliptic. 

Setting, diurnal or heliacal. 

Omitted lunar day. 

Northward or Southward motion 
called DaksinSyana or UttarSyana. 
Precision of the equinoxes. 

Reduction for observation on the 
ecliptic. 

TJie angular distance between the First 
Point of sidereal zodiac and the First 
Point of Aries. 

Circle of asterisms. 

Degree. 

Sphere of asterisms, Zodiacal sphere. 
The two apexes of the circle cutting at 
right angles. 

Daily motion. 

The rotation of the Earth. 

Earth’s shadow. 

Number of Terrestrial days since 
epoch. (No. of Civil days reckoned 
ffom sunrise to sunrise) 

Lateral side of a right angled triangle. 
In odd quadrant is the arc covered 
and in even quadrar.t is the part of 
the arc yet to be covered. 

Equation of centre. Correction for the 
non-uniform motion of the planet in 
the circular orbit. 
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BhujajyS 

R sine. 

BhujSntara-phala 

Correction for the equation of time 
due to the eccentricity of the ecliptic. 

Bhukti 

Motion. 

Bhuparidhi 

: Circumference of the Earth. 

Cakra 

: Circle, Cycle, Zodiac. 

CakraliptS 

Minutes contained in the 
circle (21, 600) 

CSndra 

Lunar. 

CSndraMSsa 

: A lunation, the period from one New 


Candragrahana 

CSpa 

Cara 

Caradala, CarSrdha 
CarajyS 


CaraprSna 

CaturaSra 

ChSdaka 

ChSdya 

Ch&yS 

Cheda 

Daksinottara rekhS, t 
Yamyottara rekhS J 
Daksinottara vrtta (Mandala)\ 
Yamyottara vrtta [MandalaU 


Moon to the next or Full Moon to the 
next. 

Lunar eclipse. 

Arc. 

Motion. 

Half cara. 

R sine (ascensional difference) = 

R tan 0 tan 8, where 0 is the latitude 
of the place and 5 the declination of 
the Sun. 

Prana or asus of ascensional 
difference. 

Quadrilateral. 

Eclipsing body. 

Eclipsed body. 

Shadow. R sine of the zenith distance 
(MahScchSyS). 

Denominator. 

North-South line. Meridian, Solsticial 
Colure. 

Celestial Meridian. 
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Dala 

De&antara 

DeiSntara -kala : 

Dhana 

Dhanus 

Dhruvonnati 

Dhruva 

Dhruvanaksatra, Dhruvatara 
Dhruvavrtta : 

Digagra : 

Dik 

Dik-sutra 

Dina-bhukti 

Drdha 

Drg-vrtta : 

Drgjya : 

Drggati : 

Drk-karma : 


Half. 

Difference in terrestrial longitude, 
correction for that longitude. 
Difference in time due to terrestrial 
longitude. 

Additive. 

Arc. 

Altitude of the celestial pole. 

1. Celestial pole. 

2. Zero position of planet. 

: Pole Star. 

Meridian circle. 

North-South distance of the rising 
point from the East-West line. 

Direction. 

Straight lines indicating directions. 
Daily motion. 

Reduced to lowest terms (in 
Kuttakarakriya\. 

Vertical circle. 

R sine of zenith distance. 

Arc of the ecliptic measured from the 
central ecliptic point or R sine thereof, 
R sine altitude of nanogesimal. 
Reduction to observation. 


Drk ksepa Ecliptic zenith distance. Zenith 

distance of the nanogesimal or R sine 
thereof. 


Drk-ksepajya : R sine of Drk-ksepa. 

Drk-ksepa-lagna Nanogesimal (point on the ecliptic 90° 

behind lagna). 
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Drk-ksepa-vrtta {mandala) : Vertical circle through the central 

ecliptic point. 

Dyujya : R cosine 8, being the radius of the 

diurnal path, a small circle parallel to 
the equator. 

Dyuvrtta : Diurnal path which is a small circle 

parallel to the equator. 

Ganita : Mathematics, computation. 

Gata : Elapsed portion of days, nadikas etc. 

Ghana : Cube. 

Ghana mula : Cube root 

Ghana sahkaJita : Sum of a series of cubes of natural 

numbers. 

Ghatika : Nadika, unit of time equal to 24 

minutes. 


Ghatika vrtta ( Mandate ) 

Gola 

Graha 

Grahabhukti 

Grahaka 

Grahana 

Grahayoga 

Grahya 

Grasa 

Guna 

Gunakara 

Gunana 

Gunya 


Celestial equator. 

Sphere. 

Planet, including the Sun, the Moon, 
the Ucca (apogee—aphelion) and pata, 
ascending node. 

Daily motion of a planet. 

Eclipsing body (shadow in lunar 
eclipse, the Moon in solar eclipse) 

1. Occultation. 2. Eclipse. 
Conjunction of planets. 

Eclipsed body. 

Measure of eclipse. Submergence in 
eclipse. 

R sine. Three as bhuta sahkya. 
Multiplier. 

Multiplication. 

Multiplicand. 
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Gurvaksara 

Hirajya 

IcchS 

IcchS-phala 

Ista 

Jya 

Juka 

Jyi-khanda 

Jyirdha 

Jyotiscakra 

KaksyS 

KaksyS -pratimandala 
Kaksyavrtta ( mandate ) 
Kali 

Kala lagna 
Kalyadi 

Kalajya ( Kalamsa ) 

Kalidina 

Kaliyuga 

Kalyididhruva 

Kapila 

Karana 

Karna 

Kendra 


The sixtieth part of a vinadi. 

Trijyi (l-cos5) 
coscp cos 5 

One of the three quantities in rule of 
three. 

Result corresponding to Icchi. 
Desired (number, quantity etc.) 

R sine. 

Tuli. 

R sine segment. R sine difference. 

R sine. 

Circle of asterisms. 

Orbit. 

Eccentric circle. 

Deferent, mean orbit. 

Minute of arc. 

R.A.(Right Ascension) of the East 
point. 

Commencing from Kali. 

Angle between two points of time in 
degrees. 

Number of days elapsed since the 
commencement of Kali yuga. 

The aeon which commenced on 
18.2.3102 B.C. at sunrise at Lanka 

Zero positions of planets at the 
commencement of Kaliyuga. 
Hemisphere. 

Half a tithi. 

Hypotenuse. 

Anomaly, Centre of a circle. 
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Khagola 

Khanda grahana 

KhandajyS 

Koti 

KotijyS 

KrSnti 

KrSnti mandala 

KrSntijyS 

Krti 

Ksepa ( Viksepa ) 

Ksetra 

Ksetra phala 

Ksitija 

Ksitijya 

KuttSkSra 

Lagna 

Lamba 
LambajyS 
Lambana 
Lambana nadika 

Lanka 

LSta 

LiptS 


Sphere of the sky. 

Partial eclipse. 

R sine - segment. 

Complement of bhuja. Vertical side of 
a right angled triangle. 

R cosine 

R sine koti = R cosine bhuja. 
Declination. 

Zodiacal circle. 

R sine (declination) 

Square. 

1. Celestial latitude. 

2. Additional quantity. 

Geometrical figure. 

Area. 

Horizon. 

R tan cp sin 8 

Inderminate equation, pulverizer 
Point of intersection of the ecliptic and 
the eastern horizon. 

1. Latitude 2. Co-latitude. 

R sine (co-latitude) = R cos cp . 

1. R cos cp . Parallax in longitude. 

Parallax in longitude in terms of 
nSdikSs. 

Point on the terrestrial equator 
corresponding to 0° longitude. 

A type of vyatfpSta, when the sum of 
sSyana longitudes of the Sun and the 
Moon is 180°. 

Minute of arc. 
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Madhya 
Madhya gad 
Madhya graha 
Madhyama 
MahScchSyS 


Maha iahku 


Manda 

Mandakarma 

Mandakarna 

Mandakendra 

Mandaphala 

Mandavrtta, 

Mandala 

Maudhya 

Mad 

Matsya 

Mesadi 

Moksa 

NadikS 

NSksatra kaksya 


: Mean. 

Mean motion. 

: Mean planet. 

Mean. 

: Great shadow. The distance of the 
fobf of the Maha sahku to the centre 
of the Earth. R sine (zenith distance). 

: Great gnomon, the perpendicular 
dropped from the Sun to the earth’s 
plane. R sine of altitude. 

: Slow. 

: Manda correction in computation of 
planetary position. 

: Hypotenuse associated with Mandocca. 

Mean anomaly, Mean longitude — 
longitude of Mandocca. 

: Manda correction. Equation of centre. 

: Epicycle of the equation of centre. 

: A circle. 

: The invisibility of planet due to 
proximity of the Sun. 

: Optional number in Kuttakarakriya 
(see Appendix II) 

: Figure of fish formed by two arcs. 

: The first point of Aries. 

: Emergence in the eclipse, last point of 
contact. 

: GhatikS, NSdT, a measure of time equal 
to 24 minutes. 

: Orbit of the asterisms with 

circumference equal to 17, 32, 60, 

008 yojanas. 60 times that of the Sun. 
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Naksatra varsa 


Nata 

NatajyS 

Nad 

Nicoccavrtta (Mandala) 

Nimilana 

Niraksa 

Oja 

Pada 

Paksa 

PalabhS 


PalajyS 

Paramagrasa 

Paramakranti 

ParamSpakrama 

Paraianku 

Paridhi 

Parilekha 

Parva 

Paryaya 

PSta 


Sidereal year, the time for the Sun to 
move from Mesadi to next MesSdi. 
The duration is Makutolbanakrsna 
talah (36S d 15“ 31 v 15 g ) 

Zenith distance. 

R sine of zenith distance. 

Parallax in latitude. 

Epicycle. 

Beginning of total eclipse. 

Equator at which latitude is zero. 

Odd. For example the first and third 
quadrants. 

Square root. 

Bright or dark half of a lunation. 

The length of the shadow of the 
gnomon at Midday on the equinoctial 
day. h tan cp , where h is the height 
of the sa/iku and cp is the latitude of 
the place. 

R sine of latitude. 

Maximum obscuration in an eclipse. 

Maximum declination taken to be 24° 
or more accurately as 23° 27'. 
Maximum declination. 

R sine of greater altitude (/? sine of 
meridian altitude. 

Circumference. 

Diagrammatic representation. 

End point of New or Full Moon. 
Revolution of a planet. 

Node, ascending node. (Rahu in the 
case of the Moon). 
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Phala 

Praglagna 

Pramana 


Prana 

Pratipat 


Purvapara 
Purvapara rekha 
Purvavisuvat 
Rahu (Candra pat a) 
Rasi 

RSsi cakra 

Rksa ( naksatra, bha, 

Rna 

Samamandala 
Samamandala sariku 

SamparkSrdha 

Samsarpa 

iahkvagra 


: Result. 

: Commonly called Lagna. The point of 
intersection of the Eastern horizon 
and the ecliptic. 

: First element of the proportional, 
antecedent. Pramana, pramanaphala, 
iccha and icchaphala constitute the 
four elements of a proportional. 

: One sixth of a vinadi equal to four 
seconds. 

: First day of the lunar fortnight called 
sukia pratipat or krsna pratipat 
according as the Moon waxes or 
wanes. 

: Prime vertical. 

: East-West line. 

Vernal equinox. 

: Ascending node of the Moon’s orbit. 

: Sign; arc of 30°. 

: Ecliptic. 

tara) : Asterism, Star. 

: Negative, subtractive. 

: Prime vertical. 

: R sine of the altitude of the Sun on 
the prime vertical. 

: Half the sum of the angular diameters 
of the eclipsed and eclipsing bodies. 

: A lunar month preceding a lunar 
month called amhaspati. 

: North-South distance of rising or 
setting point from the tip of the 
shadow. Agra ± natijyS. 
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Sahkranti 

Solar ingress, entrance of the Sun into 
the rSsis Mesa, Vrsbha etc. 

Sariku 

1. Gnomon (is of 12 ahgulas or 52 
ahgulas) 

2. Maha Sariku is the perpendicular 
dropped from the Sun to the Earth 
line or R sine (altitude). 

Saiiku koti 

Complement of altitude i.e. zenith 
distance. 

Sara 

: Literally ‘arrow’, synonymous with 
isu, bSna etc. It is equal to R — R sine 
(or R + R sine at times). 

Sarpamastaka 

: VyStfpSta when the sum of the 

longitudes of the Sun and Moon is 
equal to T 16° 4'. 

SSvanadina 

Civil day, the duration between two 
successive sunrises. 

Slghra karma 

The process of Slghra correction. 

Slghra karna 

Hypotenuse related to Slghra vrtta 

Slghra paridhi 

Epicycle of the Sfghravrtta (i.e. 
equation of conjunction). 

Stghrocca 

Higher apses of the epicycle related to 
Slghra correction. 

Sista 

Remainder. 

Sita 

‘White’ (illuminated) part of the 

Moon, phase of the Moon. 

Sphuta (graha ) 

True position of a planet. Longitude 
of a planet. 

Sphuta gati 

True daily motion of a planet. 

Sphuta viksepa 

Latitude corrected for parallax. 

Srhgonnati 

Elevation of the Moon’s horns. 

Sruti 

Hypotenuse. 

Sthityardha 

Half the duration of an eclipse. 
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$unya 

Surya grahana 
Svadeiaharaka 
Svam 
Svasdka 


Tamas 


Taragraha 

Tithi 


Titk’tksaya (Avama) 

Tribhuja 

Trijya 

Trira&ika 

Ucca 

Uccanica vrtta 
Udaya 
Udaya lagna 


UdayajyS 

Unmandala 

Unmilana 


Zero. 

Solar eclipse. 

R sec <p 

Positive, Additive. 

The cardinal points, the Zenith and 
the Nadir are the six svastikas of the 
celestial sphere. 

Shadow cone of the earth at the 
Moon’s distance. 

Moon’s ascending node, viz. Rahu. 
Star planets viz. Mars, Mercury, 
Jupiter, Venus and Saturn. 

Lunar day. The first lunar day being 
the time taken by the Moon to trace 
12° w.r.t. the Sun. Since New Moon, 
the second, the time to trace 12° to 
24° and so on. 

Omitted lunar day. 

Triangle. 

R sine 90°. The radius of length 
3438’ in the table of R sines. 

Rule of three. 

Higher apses relating to the epicycle. 
Epicycle. 

Rising, diurnal or heliacal. 

Rising point of the ecliptic, point of 
intersection of the Eastern horizon 
and the ecliptic. Ascendant. 

R sine amplitude of the rising point on 
the ecliptic. 

Six O’ clock circle. Equatorial 
horizon. 

End of the total eclipse. 
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Upantya 
Utkramajya 
Uttara visuvat 
Vaidhrta 


Vakra 

Valana : 

Valll : 

Varga : 

Vargamula : 

Vikala : 

Viksepa : 

Viksepa mandala ( Vimandala ) : 
Vilipta : 

Vimardardha : 

Vinadi ( Vinadika) 

Visama : 

Visesa : 

Viskambha : 


Visuvacchaya 


r 

Visuvad vrtta (Mandala) : 
Visuvadbha ( Visuvacchaya ): 


Penultimate, Penultimate term. 

R — versed sine, R — R cosine. 
Autumnal equinox. 

A kind of Vyatipata which occurs 
when the sum of the sayana longitudes 
of the Sun and the Moon is 360°. 
Retrograde. 

Deflection. It can be in latitude or 
declination. 

Literally ‘creeper’. A series of results 
in Kuttakaraganita. 

Square. 

Square root. 

Second of arc. 

Latitude of Moon or otheT planets. 
Orbit of a planet. 

Second of arc. 

Half the duration in a total eclipse. 
One-sixtieth of a nadika. 

Odd. 

Difference. 

1. Diameter. 

2. The first of the 27 yogas formed by 
adding the longitudes of the Sun 
and the Moon. 

Equinoctial shadow = h tan (p , where 
h is the height of the sahku and <p the 
latitude of the place. 

Celestial equator. 

Length of the shadow of the gnomon 
of 12 units on the equinoctial day at 
noon. 
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Visuvat 
Visuvat karna 
Vivara 
Vrtta 

Vrtta kendra 
Vrtta paridhi 
Vyasardha 
Vyatlpata 


Vyavakalana 
Yamyottara vrtta 
Yamya 

Yamyottara rekha 
Yoga 


Yojana 

Yojana gad 
Yuga 


Yugma 


Equinox. 

Hypotenuse of the equinoctial shadow. 
Difference. 

Circle. 

Centre of a circle. 

Circumference of a circle. 

Radius. 

The time when the sum of the sayana 
longitudes of the Sun and the Moon is 
180° or 360° and the declinations are 
equal. 

Subtraction. 

Meridian. 

Southern. 

South North line. 

1. Conjunction of planets. 

2. Nitya yoga decided on the basis of 
the sum of the longitudes of the a 
Sun and the Moon ( Viskambha, 
Priti etc.) 

A unit of length equal to 4, 8 or 16 
miles. 

Daily motion of planets in yojanas. 

Aeon, Kali yuga is of 4, 32, 000 years 
and Mahayuga consists of the four 
yugas - Krta, Treta, Dvapara and Kali, 
with durations, 4 times, 3 times, 2 
times, and once of Kali\ the total 
duration being 4, 320, 000 years. 

Even, couple. 
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TABLE OF JYAS 


The following is the table of R sines for arcs from 0 to 90° 
for intervals of 3° 45'. 



Arc 

Aryabhata’s 

Madhava’s 



Value 

Value 

1 

225' 

225' 

224' 50" 22'" 

2 

450' 

449' 

448' 42" 58'" 

3 

675' 

671' 

670' 40" 11'" 

4 

900' 

890' 

889' 45" 15'" 

5 

1125' 

1105' 

1105' 1" 39'" 

6 

1350' 

1315' 

1315' 34" 7'" 

7 

1575' 

1520' 

1520' 28" 35'" 

8 

1800' 

1719' 

1718' 52" 24'" 

9 

2025' 

1910' 

1909' 54" 35'" 

10 

2250' 

2093' 

2092' 46" 3'" 

11 

2475' 

2267' 

2266' 39" 50'" 

12 

2700' 

2431' 

2430' 51" 15'" 

13 

2925' 

2585' 

2584' 38" 6'" 

14 

3150' 

2728' 

2727' 20" 52'" 

15 

3375' 

2859' 

2858' 22" 55'" 

16 

3600' 

2978' 

2977' 10" 34'" 

17 

3825' 

3084' 

3083' 13" 17'" 

18 

4050' 

3177' 

3176' 3" 50'" 

19 

4275' 

3256' 

3255' 18" 22'" 

20 

4500' 

3321' 

3320' 36" 30'" 

21 

4725' 

3372' 

3371' 41" 29'" 

22 

4950' 

3409' 

3408' 20" 11'" 

23 

5175' 

3431' 

3430' 23" 11'" 

24 

5400' 

3438' 

3437' 44' 48'" 
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TABLE 2* 

PRANA KALANTARAJYA 

This gives the value of | R sin (£ — CX) | where £ is the 
longitude and a is the right ascension of the Sun. In the first and 
third quadrants it is negative and in the second and fourth quadrants 
it is positive. It is given for the longitude of the Sun reduced to 
first quadrant and divisions of 3° 45'. The intermediate values 
can be got by interpolation. They are in minutes of angle. 


1 . 

Dhanyona 

19 

2. 

Sangona 

37 

3. 

Samena 

57 

4. 

Rasanam 

72 

5. 

Jahana 

88 

6. 

Ratnasya 

102 

7. 

Rukasya 

115 

8. 

Candrika 

126 

9. 

Sadhasya 

136 

10. 

Gudhasya 

143 

11. 

Suvakya 

147 

12. 

Dha vakam 

149 

13. 

Dhavopi 

149 

14. 

Tan vldya 

146 

15. 

Nivarya 

140 

16. 

Ragakrt 

132 

17. 

Putrasya 

121 

18. 

Dhlnamya 

109 

19. 

Vidhana 

94 

20. 

Sarthanam 

77 

21. 

Dharmonu 

59 

22. 

Nirbhinna 

40 

23. 

Niranna 

20 

24. 

Nananah 

0 


* All Vakyas found in Table 2 - Table 7 are from PaScabodha. 
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TABLE 3 

GUDHAMENAKADIJYA 

These are the jyas of arcs which exceed the jyas by 
1", 2" , 24". 


1. Gudhamenaka 

105' 43' 

2. Pujyo gangeyah 

133' 11' 

3. Can dr ah srimayah 

152' 26’ 

4. Stambhah sthitikrt 

167' 46' 

5. Gudhohni dipah 

180' 43' 

6. Prajho radheyah 

192' 2‘ 

1. DhanI trinetrah 

202' 9‘ 

8. Ugrah kukkurah 

211' 20' 

9. SatvadhI purah 

219' 47' 

10. Svargah sura straw 

227' 34' 

11. Himavan gaurah 

234' 58' 

12. Ramoyam vlrah 

241' 52' 

13. Varijam bhadram 

248' 24' 

14. Tandavam misram 

254' 36' 

15. Kulau nacarah 

260' 31' 

16. Ajyaptih kslrat 

266' 10' 

17. Candah kesari 

271' 36' 

18. Dha vati sarit 

276' 49' 

19. Umesto harah 

281' 50' 

20. A dbhuto harah 

286' 40' 

21. Krura yoddharah 

291' 22' 

2 2. Sisurma dh urah 

295' 55' 

23. Dhairyam jhanahgam 

300' 19' 

24. Tilaugho nilah 

304' 36' 
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TABLE 4 
KRANTIJYA 

TABLE OF DECLINATION OF THE SUN 

The following table gives the values of R sin 8, where 8 is the 
declination of the Sun, when the sayana longitude is known. The values 
are given for intervals of 3° 45'. It is positive when longitude is Mesadi 
and negative ehen it is Tuladi. They are in minutes of angle. 


1 . 

Yuddenu 

91 

2. 

Rajanya 

182 

3. 

Lasendra 

273 

4. 

Rantige 

362 

5. 

Dhavabha 

449 

6. 

Margena 

535 

7. 

Jayanti 

618 

8. 

Dhidhrtam 

699 

9. 

Sartharthanam 

111 

10. 

Krsnajanam 

851 

11. 

Kharodhanam 

922 

12. 

Dadurdhanam 

988 

13. 

Krsnanrpah 

1051 

14. 

Dhani patuh 

1109 

15. 

Gatasyayah 

1163 

16. 

Punyarayayah 

1211 

17. 

Vasapriyah 

1254 

18. 

Radhapriyah 

1293 

19. 

Bhadralayah 

1324 

20. 

Yamalayah 

1351 

21. 

Kathalayah 

1371 

22. 

Todalayah 

1386 

23. 

Mudhalayah 

1395 

24. 

Dugdhalayah 

1398 


For the Moon also this is found first and the sum or the 
difference of this and the latitude is taken as the declination (This is 
only approximate). 
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TABLE 5 

CARAJYA FOR ALATHUR 

Carajya gives the accessional difference of any body in 
diurnal motion. It is given by sin cara = tan (p tan 8, where cp is 
the latitude of the place and 8 is the declination. The following 
table gives the value of R tan cp tan 8 for Alathur in minutes of 
angle for divisions of 3° 45', when 8 is known. If p is the 
palangula for Alathur, and ji is the palangula of another place 

carajya for Alathur , 

then carajya for the place = —-— , . ,, ,, * P 

r palangula for Alathur 


1 . 

Lambana 

43 

2. 

Sarjanam 

87 

3. 

Palaya 

131 

4. 

Sarthakrt 

177 

5. 

Madrirat 

225 

6. 

Gosthira 

273 

7. 

Mekhala 

325 

8. 

Nirjala 

380 
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TABLE 6 

LUNAR JY AS 

These are the jyas of the mandaphala of the Moon given by 
~ x (/? sin m ) where m is the manda kendra. Since the angles 
are small the jyas and the arcs in minutes are nearly the same. 
These' are called naronvadijyas in Parahita system referred to 
in the text. 


1. 

naronu 

20 

2. 

dhlgonu 

39 

3. 

dhamena 

59 

4. 

hasanam 

78 

5. 

sudhenu 

97 

6. 

manyasya 

115 

7. 

balasya 

132 

8. 

namakam 

150 

9. 

sutasya 

167 

10. 

lohasya 

183 

11. 

jalasya 

198 

12. 

gopuram 

213 

13. 

caritra 

226 

14. 

dhlgotra 

239 

15. 

nrmatra 

250 

16. 

pakshirat 

261 

17. 

asitra 

270 

18. 

dasitra 

278 

19. 

mahendra 

285 

20. 

kandharah 

291 

21. 

mrdhara 

295 

22. 

dugdhagra 

298 

23. 

nrnaga 

300 

24. 

pannagah 

301 
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TABLE 7 

JYAS FOR SATURN 

One can compute the positions of the Sun and the Moon 
using the mandaparidhis and mandaphala using the table of 
jyas. For others, manda and iighraphalas can be found in the 
way prescribed and their positions can be computed. But tables 
are generally prepared for computation of the planetary 
positions. Instead of calculating the manda and slghraphalas 
using the formulae, they can be obtained direct from the tables. 

The jyas for Saturn are given as illustration. They are in 
minutes and actually give the arcs though known as jyas. 


MANDAJYAS 
OF SATURN 


tlranut 

26 

dhijagu 

389 

gomanam 

53 

ksepavit 

416 

pranjanam 

82 

raghavo 

442 

prapako 

112 

bhutavit 

464 

gravako 

142 

simhavat 

487 

gathako 

173 

tannisi 

506 

menire 

205 

srirama 

522 

tumbmuh 

236 

tadguna 

536 

dosarat 

268 

magharnih 

545 

dhidharo 

299 

mesasi 

555 

nalago 

330 

dharminah 

559 

nltigo 

360 

paksinah 

561 
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SIGHRAPHALA 



MAKARADIJYAS 


tarujna 

26 dhavendra 

249 

saivajna 

45 raksari 

262 

sucijna 

65 cacara 

266 

dehina 

84 sohari 

287 

dhanadhya 

109 dadhatra 

298 

dhiradhya 

129 dhinnaga 

309 

ja vaya 

148 suklla 

317 

sancayah 

167 bhuriguh 

324 

madadhya 

185 kulali 

331 

ratnagra 

202 sailanga 

335 

dayagra 

218 nabhoga 

340 

bhogirat 

224 garbhagah 

343 


KARKYADIJYAS 


harijna 

28 

mahendra 

285 

carmajna 

56 

dhugdhagra 

299 

guhena 

83 

dhanangi 

309 

dhenuko 

109 

divyaguh 

318 

viloki 

124 

taiangi 

326 

samarthya 

157 

gangambu 

333 

nadipa 

180 

jalala 

338 

kinnarah 

201 

kumbhagi 

341 

paratra 

221 

bhavangi 

344 

dhlgotra 

239 

sobhangi 

345 

ksametra 

256 

vibhanga 

344 

kesarl 

271 

labbagi 

343 
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TABLE 8 

FOOT VAKYAS 

The following table gives the lengths of the shadows 
corresponding to the nadikas after sunrise or before sun set 
for the months Mesa, Vrsabha etc. The height of the 
gnomon is 52 angulas and 8 angulas make one foot. These 
are only approximate and can be applied only to low 
latitudes. 


Nadika 

Mesa 

or 

Simha 

Kanya 

or 

Mina 

Tula 

or 

Kum¬ 

bha 

Vrscika 

or 

Makara 

Dhanus 

Vrsa¬ 

bha 

or 

Karka- 

taka 

Mithu- 

na 


f - a 

f - a 

f- a 

f — a 

f- 

a 

f- a 

f - a 

1 . 

64-0 

64-0 

64-0 

68-0 

70- 

0 

67-0 

69-0 

2. 

32-0 

32-0 

32-0 

34-0 

35 - 

0 

33-0 

34-0 

3. 

21-0 

20-0 

23-0 

22-0 

23 - 

0 

22-0 

22-0 

4. 

15-0 

15-0 

15-0 

16-0 

17 - 

0 

16-0 

16-0 

5. 

12-0 

12-0 

12-0 

12-0 

13 - 

0 

12-0 

13-0 

6. 

9-3 

9 - 1 

9-5 

10-8 

11 - 

0 

9-5 

10-0 

7. 

7-4 

7-3 

7-7 

8-6 

9 - 

1 

8-0 

8-2 

8. 

6- 1 

6- 1 

6-5 

7-3 

7 - 

6 

6-5 

6-7 

9. 

5-0 

5-0 

5-4 

6-3 

6- 

5 

5 — 3 

5-5 

10. 

4-0 

4-0 

4-5 

5-4 

5 - 

6 

4-3 

4-5 
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Nadika 

Mesa 

or 

Simha 

Kanya 

or 

Mina 

Tula 

or 

Kum¬ 

bha 

Viscika 

or 

Makara 

Dhanus 

Vrsa- 

bha 

or 

Karka- 

taka 

■ 


f- a 

f — a 

f — a 

f — a 

f - a 

f — a 

D 

11. 

3 - 1 

3 - 1 

3-7 

4-7 

H9 

3-4 

3-7 

12. 

2-3 

2-3 

3-3 

4-3 


2-6 

3 - 1 

13. 

1 - 5 

1 - 6 

2-7 

4 - 1 


2 - 1 

2-4 

14. 

0-6 

1 - 3 

2-6 

4-0 


1 - 5 

2-7 

15. 

0-3 

l - l 

2-5 

3-7 

1 - 3 

1 - 2 

1 - 6 

16. 

0-0 

0-0 

o 

1 

o 

0-0 

0-0 

1 - 1 

1 - 5 
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Candravakyas xvii, xxii fn., 29, 
36, 38-9, 203 

capa 51 
capakhanda 47 

cara 67-8, 76-80, 87-8, 
91-5, 105-07, 127, 

130-31, 137, 168-69, 
189, 191 

carajya 67-9, 90-1, 93-4, 
101, 104-05, 107, 109, 
130-31, 137-38 
Carakaranas 23 
caraprana 67 

caturyuga 120, 164, 183, 192, 
Celestial Circle 19-20 
chadaka/grahaka 127-29 
chadya/grahya 127-29 
Chandah Sastram xxvii fn. 
Chandahsutras xxvii 
chayaganita 180 
chedijya 85 
civil day 192 

Combustion 87,154-55, 
157-58 ; computation of 
154-58 (see also maudhya ) 

continued fraction 202, 207 
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Contribution of Kerala to 
Sanskrit Literature xix fn. 

convergent 202, 207 

D 

Daksina Bhoja xxviii fn. 
Daksinamurti 29 
dart da 25 
declination 59-62 
deflection 139 
desantara 37 
dhruva 32-3, 37-9 
dhuma 27 
dhvaja 27 
dina 5, 18-9 
Diophantine equation 199 
Dodhaka (metre) xxvi 
dohphala 117, 170, 172, 178, 
184-85, 189, 191 
dramma 21 

Drk system xxiv, 64, 100, 109, 
145, 158, 180, 211-14 

drk ayanamsa 109 
drkphala 100-01, 103-04 
drona 26 

Dvapara (yuga) 166 

dyujya 59-60, 67-9, 89, 94, 
101, 104, 107 


E 

Easwaran Namputhiri xix fn. 
eclipse 87, 108-09, 126, 180 ; 
(lunar) 108, 126-29, 

132-34, 140; (solar) 108, 
129-31, 136-40 
ecliptic 32, 60, 77, 79, 88, 111 
ecliptic limit 108 
Elements xix 
epicycle 115, 171, 176 
equator 61, 68, 75, 79 
Euclid xix 

F 

Full Moon ( purnima) 21, 108, 
114, 124, 127 

G 

Ganapati 29 
Ganitanirnaya 109, 191 
Ganitayuktayah 111 
Ganitayuktibhasa 114 
gbatika 5, 18-9, 24 
gnomon 63-4, 72 
Golasara xviii 
Govinda Pillai xix 
Govindasvamin xvi, xviii 
graba kaksya 120 
grShaka!chadaka 111-9 
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sadratnamAlA 


grahas 21 

Grahacaranibandhana 166-67 
grahya/chadya 127-29, 140 
Gregory’s Series 45, 53 
gudhamenakadi ( vakyas) 55 
guna 51 
gunja 26 

gurvaksara(s) 6, 18-20, 32 
186, 189-90 

H 

Halayudha xxvii fn. 

harajya 69-70, 109, 130-31, 
138 

Haridatta xvi-xvii, 166 
hasta 27, 63 

History of Tellicberry Factory 
xx fn. 

I 

Ibha 27 
inadijya 70 

indeterminate equation 206-07 
Indravajra (metre) xxvi , xxx 
Indravamsa (metre) xxx, xxxi 
infinite series for sine and 
cosine 49 

ingress 184-86, 188-89, 191 


Isa 29 

Isaac Newton 49 
isu 48, 51 

intercalary month 192 

J 

Jaimini xxiii fn. 
jiva 51 

Jupiter 1, 21, 155, 158, 
164-65, 167-68, 170-71, 

175- 76, 179-80, 212- 
13, 218 

jya xxiii, xxiv, 44, 47, 51-2, 
54-7, 80, 84, 86, 
100-01, 103-04, 123, 
155-57, 174, 205, 215 

Jyestadeva xviii 
Jyotisa, propounders of xv 

K 

Kadattanad 2, 29 
kakanl 27 
kaksyaparidhi 111 

kaksyavrtta 115-16, 174, 

176- 77, 216 

kala 5, 20, 34-5, 37, 207 

kaialagna xxxiii, 78-9, 87-95, 
99, 101, 105, 107, 
109, 122-23, 130-31, 
137-38, 157, 159 
Kali (yuga) 31-2, 34-6 


^MjcLxjdxmjicjaJ. Fh-iuLh-A- 



INDEX 


375 


Kalidasa 17 
kalpa 19 
kara 25-6 

karana (s) xxii, 22-3, 40 
Karanapaddhati xix, xxiii, 46, 
49,70, 118-9, 191,206 
Karanaratna 149 
karkatayantra 63 
Karkyadi 57, 147, 156, 159, 
173, 178, 183-84, 

215-16 
karsa 26 
kastha 18 

Katapayadi system xxii-xxiii, 
8; notation of 30-1, 
36, 45 

kendra 55-7 
Ketu 1, 99, 164 
khara 27 
kharika 26 

Kolamba (Kollam year) 31-2 
Kollam 65-6 
koti 56, 104, 150, 215 
kotijya 48-50, 52, 57-60, 67, 
70, 84, 86, 183-84 
kotlphalaSl, 172, 184 
Kotungollur 65 
Kozhikode 66 
kramajya 84 


kranti 59, 93 
krantijya 67, 93, 97, 104 
Krsna (Lord) xx, xxvi, 29, 
161, 163 
Krta (yuga) 166 
kuduba 26 
kucchedijya 85 
Kuja 1 

Kuppanna Sastri, T.S. xv fn., 
112 

Kurup, K.K.N. xx 
kusprgjya 84-6 
kuttaka 201 
Kuttakaram xxiv, 202 
kuttakavivaranam 220 

L 

Lagada xv 

Laghubhaskarlya xviii 
LaksmI 162 
Lilasuka xxvi 
Lalla xvi 

lambajya 67, 70, 75-6, 95-7 
lambaka 66, 71; see lambajya 
lambana 109, 113-14, 124, 
126, 130-32, 136, 

138-39 

lambanaharaka 131 
lambanajya 70-1 
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sadratnamalA 


lambananadika 131 
lanbasutra 63 

Lanka 75-7, 127, 183, 190, 
203-04 

lata SI, 145, 151 
lava 18, 20 

Libra, first point of - 88 
(see also Tuladi ) 

Lilavati xxii, 25 
Lokamba (Goddess) 29, 161, 
218 

Lokamalayarkavu Temple xx, 
1, 64-5, 157, 218 
longitude - 

of the sun 34-5, 43; of the 
Moon 36 

lunar eclipse 127 
Lunar mnemonics 36, 38 

M 

Madhava xviii, 45, 47, 49, 
80-1, 83, 205 

Madhavan, S. xviii fn., 86, 162, 
171, 219 

madhyadimasa 211 
Magha xxx 
Magha 153 

Mahabharata xxiii fn., 2 
MahabhSskariya xviii 
mahacapa 47 


mahajya xxx iii, 101, 105-06, 
109, 122, 130-31, 138, 
140 

mahakalpa 19 

Maharaja Ramavarman of 
Travancore xx 

mahayuga 165, 190, 209-10, 
217-18 

Maitrayanyupanisad 163 

Makaradi 57, 147, 156, 
159, 173,178, 182-84, 
215-16 

Mala (metre) xxx 
Malayalabhasa Caritam xix 
Malini (metre) xxvi 
Manavaka (metre) xxvi 
Manda 1 

mandajya 102-03, 172, 175, 
215 

mandajya kbanda 184 
mandakarna 178, 196, 215-16 
mandakendra 56, 102, 172-73, 
175, 183, 205-08, 216 

mandaparidhi 170-71, 173, 
177-78 

Mandakranta (metre) xxvi, 
xxviii fn. 

mandaphala 102, 116, 156, 
168-173, 175-76, 178, 
182, 185,190, 207-08, 
215 
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manda samskara 156 
manda sphuta 156, 181 
mandavrtta 170-71, 176-77, 
216 

mandinadi 24 

mandocca 56, 99-100, 116, 
1 18, 127, 168, 170, 
172, 175-76, 179, 

181-82, 184, 196, 201, 
203-09, 212-13 
Manusyalaya Candrika 28 
manvantara 19 
manyadijya 70 
Markataka (metre) xxvii 
Mars 1,21,155,158,164-65, 
167-68, 170, 175-76, 
17-80, 212-14, 216, 
218 

masa 5, 18-9 
masa 26 

masavakyas 186-87 
Matrasamaka (metre) xxvi, xxx 
maudhya xxiii, 158 
mean longitude 55-6, 174-5, 
181-2, 185, 189, 207 
Mean sun 32, 34 , 181 
- longitude of - 33 
Mercury 1, 21, 155, 158, 
164-65, 167-68, 
170-71, 176, 179-80, 
212-13, 218 


Meridian zenith distance 95-6, 
98 

Meru 75 

Mesadi 56-7, 64, 69, 71, 
77-9, 87, 91, 93, 95, 
100-01, 103-04, 107, 
122, 136-37, 142, 

147,174-75, 177, 
182-84, 203-05 
Models in Indian Astronomy 
162 

Modern Introduction to Ancient 
Indian Mathematics 220 
moksa 128, 136, 139, 151 
Moon 1, 21-2, 41, 99-101 
Moon’s shadow 99-108 
Muddle of Ayanamsa 64, 86 
Munjala xvii 
Mukunda Marar, K. 85 
Mula 145-46, 153 

N 

nadi (s) 20, 24; see nadikas 

nadikas 32-6, 41-3, 66, 75-8, 
87, 92, 94, 102, 

106-09, 113, 127,131, 
137, 139, 186, 189 
Naisadhlyacarita xxviii fh, 220 
naksatra 40, 185-86, 192 
naksatravakyas 188 
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Nanogesimal 112-13 
Narayanabhattathiri xxvi 
Nar(t)kutaka/Nardataka xxvii 
Nata 98; see also-Meredian 
zenith distance 

nati 122-25, 136 
natiharaka 122, 130-31, 137 
New Moon 21, 23, 108, 124, 
130, 132, 139, 210 
Nllakanta Somayajin xviii, xxiv, 
46,102, 162, 180-81, 
212-13. 
nimesa 18 

nimilana (commencement of 
eclipse) 126, 128, 135 
nimittakarana 161 
nirayana lagna 79 
nirayana longitude 77,102, 144, 
146, 181 

nirayana rasimana 77 
niska 27 

Node (s) 22, 41, 154-56 
Node - 
Ascending 1 
Descending 1 
Nrsimha xxvii 

O 

obliquity 59, 61 
oja (odd arc) 56 
Orient ecliptic point 112 


P 

pa da 55 
pa la 26 

palabha 64-8, 71, 157 
palabhakarna 69 
palangula xxxiii, 64-5, 95-6, 
104, 109, 122, 130, 
137 

palangulakarna 69 
pan a 21 

Pancabodha xxiv, xxv, 91, 
107, 123, 150, 156, 
170, 175, 179,188-89, 
191, 204-05, 213 
Pancasiddhantika xvii, 47, 112, 
166, 179 

Parahita system xviii, xxiv, 64, 
100, 145,156,164-67, 
169, 180, 211, 215 
parallax 102, 109-14, 123-24, 
127 

Paramesvara xviii 
parva 139 

Parvatl (Goddess) xx, 1 
pat a 56 
paurnamasi 2 1 
Peruvanam 65 
phalabha 157 
prime meridian 75 
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Pingala xxvii 
Pradyumna xvii 
PraharsinI (metre) xxvi 
pramana trairasika 30 
pramana (magnitude) 128, 131 
Pramanika (metre) xxvi 
prana 6, 19 

pranakalantara 60-2, 76-9, 
87-9, 92, 101, 105, 
109, 130-31, 137-38, 
157, 169 

pranakalantarajya 62, 93, 105 
prastha 26 

pratatpara 5-6, 20, 207 
Precession of Fquinoxes 77 
PrthvI (metre) xxvi 
Ptolemy xix 
Puliyur Purushottaman 
Namputhiri 205 
Purusottama xxv 
Purvasada 145, 153 
Pusya 145 

Putumana Somayajin xix, xxv 

Q 

Quasi-Keplerian Model of 
Suryasiddhanta 219 


R 

radians 52-4, 58, 183 
Ragbuvamsa 17 
Rahu1,99,106,109,123-24, 
129, 132-33, 135-36, 
139,148-49, 164,196, 
205, 212, 217 
Rajagopal, C.T. 46, 85 
Ramavarman (Prince) xx, xxi, 2 
Ramesvaram 75 
Rangachari, M.S. xxxvi, 46, 85 
rasi (s) 5, 20-1, 33-6, 40, 
42-3, 47, 55-6, 64, 
76-7, 87, 100, 105, 
107, 109, 127,129-31, 
137-38, 140, 144, 157, 
159, 165,167-68, 174, 
185, 196, 207 

retrograde motion of planets 41 
Revati 153-54 

Right Ascension 61-2, 77-80, 
88, 105 

Rule of Three 29,32 
S 

Sadratnamala xix, xxi, xxv, 
xxviii, 1-2, 46, 179,219 
$aka 31 

sakabda correction 167-68, 
198, 210 
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TT 


sadratnamAlA 


Sala (metre) xxx 
Salim (metre) xxvi 
Samaveda xxiii fn 

samparkardha 125, 127-34, 
142 

samsarpa 211 

Sangamagrama 45, 47,49, 205 
sankalita 49 

Sankaranarayana xvi, xviii 

Sankaravarman xix, xx, xxiv, 
xxv, xxvi, xxviii fn, xxx, 
xxxi, xxxii, xxxiv, 1-2, 
151, 180 

sankramana dhruva 32 

sankrama/saiikranti vakyas 
186, 189-91 

sanku 63,65-6, 69, 71, 89-91, 
93-7, 101, 107, 122 

sankucchaya 65 
sankukarna 66 

Sanskrit Literature of Kerela 
xix fn 

Sarma, K.V. xvii fn, xx, xxxii, 
xxxiv-xxx vi 
sarangula 160 
Sarasvati (Goddess) 29 
Saraswati, T.A. 85 

Sardulavikriditam (metre) xxvi, 
xxix 


savana abda 18-9 

Saturn 1,21,155, 158, 164-65, 
167-68, 170-71, 

175-76, 179-81, 183, 
212-13, 218 

sauradina 187 
say ana lagna 79 

sayana longitude xxiii, 59-60, 
69, 76-7, 88-9, 92-3, 
96-100, 102, 104-05, 
109, 123, 127,132-33, 

136, 140, 144, 146, 
148, 157, 159, 168, 191 

sayana mandocca 102-03 

sayana Moon 103, 114, 130, 

137, 139 

sayana Rahu 103 
sayana rasimana 11 
sayana samakala 127-28 

sayana Sun 64-65, 71, 87, 
103, 168 

Siddhantadarpana 212-13 
Siddhantasiromani 116, 179 
sighrakendra 56, 172-74 

iighrocca xxiv, 56, 155-57, 
165, 167-68, 174-76, 
179-83, 196 

sighrajya 156, 173-74, 215 
kighrajyakhanda - 184 
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slghrakarna 172-73, 178 
slghraparidhi 170-74 
sighraphala 172-76, 178, 
182-83, 215 

ilghravrtta 117, 171, 174, 176 
Sikharini (metre) xxvi 
Simha 27, 153 
Sisupala vadha xxx 
sitamanangula 160 
Siva (Lord) xxxii 
Sivapuram 66 

solar eclipse 70, 76, 108, 126, 
129,131-32, 136, 140, 
142-44, 217 
sparSa 135, 139, 151 
sprgjya 84-6 
sphutadhimasa 211 
sphutakarna 215 
sphutakotl 172, 185 

sphutayojana karna 119,196, 
216 

Sragdhara (metre) xxvi, xxxiii 
Sragvini (metre) xxvi 
Srlharsa 220 

Srinivasa Iyengar, A.N. xiv fn 
Srlpati xxii, 191 
srngonnati xxiii, 87, 158-60; 

computation of 158-61 
Srutabodha xxix fn 


stirakaranas 23 
stityardha 132, 134-35, 139 
Stylus (see ianku) 
Subrahmanya 29 
iiuklayajurveda 4 
Sukra 1 
sutrangula 160 
Sun 1, 21, 41-3, 59-61, 
65, 69, 74, 76, 77-8, 
87, 91-3, 96-8, 100 
Sun’s shadow - calculation of 
87-98 
Surya 1 

Suryadevayajvan xviii 
Suryasiddhanta xiii, 47, 64, 
114, 142, 158, 171, 
179 

Svadesagunakaraka 67 
Svadesaharaka 67, 107, 109, 
122, 130, 137-38 
Svati Tirual xx, xxviii fn, 
xxix fn 

syzygy 124-26, 139 

T 

Tandya Brahmana 126 

Tantrasangraha xviii, xxiv, 49, 
160, 162, 181 

tatpara 5, 20, 37, 80, 81-3, 
207 
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Thiru valla 65 

Thiruvananthapuram 65, 92-3, 
102, 104, 136, 191 
Tipu Sultan xx 
tiryagrekha 160 
tit hi (s) 21, 23, 40-2, 106-07, 
159, 169, 192-93 
tithi nadis 21 
tithi sphuta 159, 169 
Treta(yuga) 166 
trijya 47, 54, 66-7, 69-71, 75, 
84-6, 94-5, 97-101, 
107,119, 140, 154, 156, 
159, 185, 196, 215-16 
Tropic of cancer 66 
truti 18 
tula 26 

Tuladi 56-7, 69, 71, 77-9, 
87, 91, 95, 100-01, 
103-04, 106-07, 122, 
130-31, 138, 142, 175, 
177, 182, 184-85 

Tycho Brache xix 

U 

Udayavarman (Prince) xxi, 2 
Ujjani 75 

Ulloor S. Parameswara Iyer xix 
unmllana (end of eclipse) 126, 
128, 135 


upadanakarana 161 
Upajati (metre) xxx 
Upacitra (metre) xxvi, xxx 
Upendravajra xxx 
utkramajya 51,83 

V 

vaha 26 

Vaidhrta 87, 145, 151 
Vajasaneyasamhita 4 
Vani (metre) xxx 
valla 26 

valana 139-40, 142 
valli 201, 202, 204, 210, 217 
vallyunasamhara 199, 201 
Vamsastha (metre) xxx-xxxi 
Vanavasika (metre) xxx 
Varahamihira xvi-xvii, xxv, 
xxxi, 47, 166 

Vararuci xvii, xxii fn, 29, 203 
Vararucivakyas 29 
Varataka 27 
vargasthanas 10 
Vasantatilaka (metre) xxvi 

Vatakkumkur Raja Raja Varma 
xxix 

Vatesvara xvi, 47 
Vatesvarasiddhanta 18 


^MjcLxjdxmjicjaJ. Fh-iuLh-A- 




INDEX 


383 


Vedamurthi Iyer, T.V. 46, 85 
Vedanta Desika 162 
Vedanga Jyotisa xv 
Venus 1, 21, 155, 158, 
164-65, 167-68, 170-71, 
176, 179, 180,212-13, 
217 

Venkatasubramania Iyer, S. xix 
Venvaroha xviii 
Vidyunmala (metre) xxvi, 
xxix fn, xxx 
vighatika 6, 18-9 
Vijayanandin xviii 
vikala 5, 207 _ 

viksepa 123-24, 159 
viksepavalana 159 
viliptika 20, 37 
vimarda 126 

vinadj (kas) 20, 32, 34, 102, 
109, 124, 127, 186, 
189 

Visloka (metre) xxx 
Visnu (Lord) xxxii, 162 
Visti 27 

visudruva 189-92 
Viyogim (metre) xxvi 


Vrsa 27 
Vrsaba 33 
Vrttaratnakara xxix 
vyatigula 25, 64-5, 130 
vyastakarna 178, 184-85, 196, 
216 

vyatlpata 144-48, 150-54 

Y 

Yada vabhudayam 16 2 
yajita 36, 40 
Yatibhaiiga xxvi 
yava 26 

yoga xxii, 22-3, 40-2 
yogyadic orrection 35-6 
yogyadi vakyas 188 
yojana 25, 75-6, 119-21, 
193-94, 216 
yoni (s) 27-8 

Yuktibhasa xviii, xxiv, 8, 45, 
49, 51, 80, 202-03, 
yuga 19 

yugma (even arc) 56 

Z 

Zenith 112-13 
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